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Reports of the Greenland Expeditions of the 
University of Michigan. Part II, Meteorology, 
Physiography and Botany. W. H, Hoss, editor. 
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tions and projects are incorporated together with de 


scriptions of common metals 


f4 pp. 1941. Row, Peterson, 


A popular account of the work in a museun 
ural history with particular emphasis upon the 
ration of specimens for exhibit and the arrang 
of habitat groups The viewpoint of the 
stressed throughout 
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1941. Maemillan. 


The author hopes to show that factor ana 
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other aspects of air raid precautions are discuss: 
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xii+218 pp. $2.00. 1940. Appleton-Centu 
The author presents a number of suggestions 
how to increase the length of one’s life Emp! 
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and upon preventive measures for a number of « 


diseases 
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lustrated. x + 
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way, but the book is primarily about the count 
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GEOLOGICAL ASPECTS OF OUR 
NATIONAL PARKS 
I. NATIONAL PARKS OF THE FAR WES1 


By Dr. RAYMOND E. JANSSEN 


() grea Na ! I s s s I how } \ \ 
\ cain W l ness lr} s Sel ts } . 
T wT is } hes " nds rT} 
. Word Ss 1 ~ 1) 
spirit the s ! ! \n 
} H j tv of beat ! S 
hat illv. bu S 
Tue National Parks of the United tend to sustain Yosemite’s clair ( 
States, primarily, are areas of scenic bad Caverns contain the largest 


magnificence which have been set aside of underground passages vet dis 


by Congress for the benefit of the people The sheer sculpt 


Almost without exception, the natural ful peaks in Glacier Park is not eq 
features of these parks are unparalleled elsewhere in the world. Th 


n the explored world They have come archs of sequo a Nationa Park 


to be recognized as supreme examples of largest and oldest living things the 

their kind. Few nations can equal one world. Hawaii National Park mav | 

or more of these masterpieces of nature, the hugest active voleano in th 

and none can boast of containing several and the Kilauea Lake of Fir: 

f them. And America, too, has assumed Is. Itself, unique Mount Mek 

eadership in making her countless won Alaska, also a national park, is s 

lers readily accessible to her Citizens the world’s lottiest mountain: alt! 

to be enjoved by rich and poor alike peaks of the Andes and Himalavas ris 
The United States can claim without to creater heights. thev can not be view 

fear of contradiction that she stands pre closely except from vallevs at least 5,000 

eminent in her assemblage of scenic won feet higher than MeKinlev’s 

ders. Yellowstone Park contains more Few, indeed, are the individuals 


and larger geysers than all the rest of the can gaze into the mysterious depths 
world together. The Grand Canyon ot the Grand Canvo peer upwar 
Arizona is the world’s greatest example jagged heights of the Grand Tetons 


f erosion by running water. Mount’ watch the spouting waters of Old F 
Rainier has the largest single-peak gla ful without experiencing som 
eler system known. Crater Lake is the sense of emotion—some feel 
deepest and bluest of the accessible fresh and wonder at the marvels displa 
water lakes of the world. occupyVing the fore then And et, how man 
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Halvidtlals l 1 rehel 
amazing spectacies 
l'o niost observers scener 


Ing panorama of mountain ch; 


vallevs turbulent streams. 
Watertalis, quiet lakes or trackless 
ests lo them, the elistenine 


Mount Ra hier, the ce-vouged 


Yosemite, the windowed walls 


C‘anvon ol the estooned eaverns 


Carlsbad are little more than 


scenery ol Stic! Mae 


once Incomparable ind Wes 


mysterious and meaningless 


upon those self-same valley 


eroded mountam sides are the 


pages of history, the mighty drama « 


constantly chaneine world 


It was A. C. Seward, the Enelish 
botanist, who once said, ‘‘A knowledge of 
the past, however imperfect, adds to the 
attractiveness of the present 


truth of this statement is self-evis 


LOOMING HIGH ARBOVI HE GREAT 


FEET ABOVE TH GRAVEL PLATEA IN 


nitude as 


MOUNT McKINLEY, HIGHEST 


ALASK 


vreat aby ss of the Grand ( 
Is far more satisfvine to 
hievht of history to see unm 
walls the shifting Scenes 
continent, to see 1 ts 
the motivatine power of 
It is one th he to vaze e} 
Glacier’s ice-carved mou) 
it is much more thrillin 


them the mighty upheava 


Seu bottom tO mountain-pea 


rouved by the rasping yp. 


t 
In’ rivers of ice It is oF 
beauty in a hundred 
perched high upon the 


cliffs; but it is an added 
appreciate that thev owe ft] 
existence to the morain 
hold them in their places 

Only throug! 


the applic: 


edge can we fully appre 


stand To derive the fullest 
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MOUNTAIN IN NORTH AMERICA 


ISES 20,500 FEET ABOVE SEA 


D. EVERLASTING GLACIERS OF EN 


NTAIN ’S SIDES 











OUR NATIONAL PARKS 


- ) ! ! ss oD Z yf 
iLlol PAS \ . ‘ 
heir presel ~ ! “ ma 
meral staves 1 | xT t ~} 
1 1 arama Whos Dev O Was c | 
r witnessed D ! 


where in sight. To even a \ | , 
oft that drama Ist t | Tr} . 
} our sce “WV < | wf ( ~ mp 
i here ire 1 i 161 KS ‘ 
monuments, occup In 1917, ¢ 
(Hn) square 1 S l} ~~ S 
ha reservat s \ \ N 
major classes—those vw nt lt s 
iral wonders and Thos ‘ ~ 
historica nterest We a . \ 
nec here witl Ones THOS i lia , | { 
ks which contain sce} Wo s 
ise proportions. These may be furthe . 
ded into several groups on the iS ] SS , 
heir geolomical and evolutionar ol Tevat ~ 
s Three d Stinet groups ma be l ~ sed 
sidered as including the 1 itain parks S¢ |? 


the Pacifie Chain, the Rockv Mountan 
Cham and the Appalacl an Chain A 


her group includes the desert and = to Mex | \ R 
von parks t the amd Southwest A we ~ (; ( RR 
fifth group embodies the subterranean British ¢ 
rks, such as Carlsbad Caverns, Man ! W | “I 
th and Wind Caves A final group ( ist KR : { ‘ 
cludes national parks which are of i Nevacdas { Ix 


ext solely because ol t} elr 
springs, such as Hot Spring iplit eat a 
and Platt in Oklahoma \ vell 


Tue Pactric MounTAIN PARKS - i 
North Amert HIS bordered on t} 


by the Pacific Mountain Svste1 a | 


mountainous chain extendi Yr no 


wardly from Mexico to Alaska. At the massiv sist | 
head of Cook Inlet. it \\ 


. nes } a creat 


are to the southwest. extending to the ~ 
end of the Aleutian Islands This great 
are is the massive Alaska Range, lo 
than the Sierra Nevadas and greater i four P : 
relief and extent than the Alps of the H \ 
The central mass of the vast Alaska valling ! f Our P; \] 
Range attains its climax in majestic Cha 
Mount McKinley It towers to a height parks whose ey 
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fall staf a “hy 


THE CREST OF MOUNT WHITNEY, HIGI 


UNLIKI THE ISOLATED PEAKS OF MANY OF OUR 


HIGHER THAN THOSE OF ITS SURROUNDING NEIGHBORS, 


INTO A MASS O} AGGED R 


carved in granite Included here are 
Mount McKinley, Olympic, Yosemite, 
Sequoia and the newly established King’s 
Canvon National Parks. In all these 
areas, erosion has worn through the up 
raised sediments and is now actively 
carving the granite core of the great 
Pacifie Chain 

Within the United States, the Pacific 
Chain attains its zenith in the high Sierra 
Mountains which effect a mighty ram 
part for a distance of 450 miles along the 
California. Here the 


massive granite block has been carved 


eastern part ot 


during millions of vears of erosion into 
an infinite variety of towering domes and 
pinnacles, deep canyons and sheer cliffs 
The variety of granitic scenery here is 
remarkable because of the abundance of 
waters—not rain, but melted snows 

which have supplied the cutting power 
of innumerable streams. Added to this, 
has been the gouging action of glaciers 
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(4. os 
Courtesy Southern Paes cd 
[EST POINT IN THE UNITED STATES 
HIGH MOUNTAINS, r REACHES O . i 
EROSION HAS CARVED THI StU MM A 
DGES AND PINNACLES 


which moved down from the heights du 
ing the Great Ice Age. Amid this sett 

is Mount Whitney, 14,495 feet in alt 
tude, the highest point in the Unit 
States. 

Yosemite, Sequoia and King’s Canys 
National Park (including the form 
General Grant National Park) const 
tute a cross-section of the western slop 
of the Sierra Nevadas These thi 
closely adjacent parks include over 2,50) 
square miles of territory, containi 
some of the most magnificent scenery a! 
the grandest forest trees of all the worl 


Yosemite, acknowledged as the most 


beautiful of our national wonderlands 
takes its name from the Indiati languag: 
To the Red Man, Yo Semite—the Grizz! 
Bear—was king of the forests, even 
Yosemite to-day is heralded as king 
natural beauty. Its colossal masses 
granite (El Capitan and Half Dome 
its sheer rock walls rising precipitous 








ve peacelul valle floors, its gleaming mast \-s 
ial-polished surfaces and its dashing ateral st . 
yhon-like watertalls i mibine t it il ‘ 
esent those qualities which are deemed er, 1 : 
«t beautiful in the eves of man And \t its 1 
t. to look upon such scenes as thes: TOO feet 1] 1) 
without reading there the drama of then erro {y |’ 
eation Is to miss a erea part I KE Por I 
I ire alee 1} 
Etched to a depth of er 2.000 feet end . U) 
solid granite mav be found the ep ! ( 4 
Yosemite’s eventful histor It was he . 
rancois E. Matthes, of the Unites OU) 
States Geological surve vin firs i ‘ 
isped the tf sivnificance thie eVs 
ama written § ol those rock ‘ © . | 
He discovered that the 1 nh range « shee 
he Sierra Nevadas had been ele ite ‘ 
steadily over a long period. The Mere ! 
River. armed with sand and boulders nicl 
atapulted down the slopes itting a ! 
deep valle, mito the vranite as the vreat lt ‘ \ 
HDiocKk Was being lifted The result wis ka s ) ! > yt 
nrerppies ~ ~ 
| next } } 
iT s NS 1} } 
~/ ent ~T ~ 
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RAINIER SLUMBERS BENE 
NOW 


MOUNT 


ONCE A BELCHING VOLCANO, 


CIENTIFIC 


ATH PERPETUAL BL 


UPON ITS SIDES IS THI 
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“ 
eo. 
- (@s 


RES 


su Chicago and Northwestern Ra 


Courte 
ANKET OF ICE AND SNO' 


GREATEST SINGLE GLACIER Y> 


UNITED STATES. 


Chain intense vol 


Cablile 
welled magma pushed through the folded 


was accompanied by 


activity At many points the up 
sedimentary layers The 
Mountains, from Washington to 


folded into a broad areh, 


and broken 
Cascade 
California, were 
and upon this platform are perched num 
erous voleanoes which once blazed forth 
beacons along the shores of the 
Pacific. Mount Hood, Mount 
Mount Baker, Mount St. Helens, 
Mount Shasta and Mount 
Some, 


as fiery 
broad 

Adams, 
Mount Rainier, 
Lassen are a few examples. like 
prehistoric Mount Mazama Mount 
Tehama, long ago blew themselves away, 


and we see to-day only 


and 


remnants of their 
former magnificence. 

Among our many 
Mount Rainier is heralded as the grand- 
est. Rising to a height of 14,408 feet, it 
is the third highest mountain within the 
United States. It stands 11,000 feet 


voleanic mountains, 


above its immediate base and covers 1] 
square miles of area. Its colossal n 
nitude dwarfs the surrounding pea 


themselves, average 
mile in height. The inclination of 
flanks indicates that at one time it pr 
ably reached an altitude of 16,000 feet 
Mount 


built into a cone-shaped mass with m: 


which, more that 


Like all volcanoes, Rainier wi 


terials ejected from its own interior 


lumps of flows 


cinders, lava and 
molten magma which solidified into har 
It is believed that 
vreat explosion blew the 


most part of the original cone, reducin 


lavers of andesite. 


awa\ uppel 


its height by about 2,000 feet. Withi 
the remaining crater, which is near! 
three miles in diameter, two small: 


cinder cones were later built up. The 
300 feet above the old crate 
rim and form the present summit of tl 
peak. Mount 


rise about 


Rainier has had no grea 
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eruptions during historic periods, but 
Indian legends tell of one, the date of 
Although the vol 


cano Is now dormant, considerable heat 


which is unknown 


still remains within its reservoirs. Small 
jets of steam still issue from the summit, 
and warm springs flow from its sides. 
Mount Rainier has been a national park 
since 1899 

Mount Rainier is most famous for its 
extensive glacier system. Its 28 glaciers 
approximate 48 square miles in area, an 
expanse of ice far in excess of that on 
any other single peak in the United 
States Several of these glaciers are 
from four to sik miles in length. They 
vie in magnitude with the outstanding 
glaciers of the Alps, among which only 
one—the Aletsch Glacier is much 
ereater in size. Six of Rainier’s great 
vlaciers seem to originate near the peak, 
but others have their sources in the snows 
which accumulate in the bowl-shaped 
cirques on the mountain’s sides 

The scenic effects resulting from the 
action of mountain glaciers can not be 
fully appreciated unless the function of 
the glacier is understood. At the upper 
most extremity, or source, the ice freezes 
against the rock wall of the mountain 
As the glacier moves forward, it pulls 
away—or plucks out—masses of rock 
which are then carried along with the 
body of moving ice. The resulting cav- 
ity behind the ice is then refilled with 
freshly fallen snow. This, in turn, be 
comes compacted into ice and freezes to 
the rock wall. Continued forward 
movement of the ice mass, and continued 
refilling of the crevice with new ice, 
repeated during innumerable ages, grad 
ually plueks away the rocky mass of the 
upper mountain heights. Frequently 
the rock is undermined so that great 
chunks fall from the upper wall upon 
the ice and are also carried away. A 
precipice is left, often sheerly perpen- 
dicular. As the process continues, the 


precipice itself is cut backward into the 


very heart of the mountain peak 
precipices are usually in the shape 
are, or half circle: hence the name 
the starting point of the glacier 
As a glacier moves down the mo 
it also widens and deepens the 


through which it moves, the res 


y 


ite Valley Such erosion is lare 


which are so vividly portrayed in 


result of freezing and plucking av 
rock along the sides and bottom 
ice mass, Rocks which are froz 
the under surfaces of the ice act as 
which serape along the valley 
After the glacier has melted, these 
scratches, or striae, may be seen 
the rock surfaces over which the 
passed. They provide a criteria 
termining the extent and direct 
movement of former glaciers 

At the lower extremity of a 
where the ice is melting, erosiona 
It\ is replaced by depositional act 
The rocks, gravel and sand whicl 
been carried down by the moving 
dropped as it melts The heaps 
sulting debris, or moraines, frequi 
act as dams and give rise to impou 
lakes which are fed by the melting 
water As the glacier melts | 
through successive stages, a long se) 
or chain, of lakes may thus be for 
each held back by an individual mora 
The highest ones may occupy the act 
cirques at the very sources of the for 
glaciers. Cirque lakes, perched | 
upon a mountain, and nestled ben 
sheer cliffs on one side and held bac! 
low moraines on the other, present n 
of our beautiful mountain vistas. 

Among the innumerable quiet 
which decorate our Pacific wonderlai 
there is one of extraordinary significa) 
it is not a glacial lake, and the stor 


its origin is one of the outstanding e} 


which geology has revealed Locat 


in southern Oregon, on the very crest 
the Caseade Range, is Crater Lake, 


cupving the bowl of a great voleano 




















0 iy 19, 1915, P 


10 lit 0 ~ 


Mount 


it is called, was one of the mighty Vo! 


since blown away Mazama, as 
eanoes which lighted the midnight skies 
fter these ranges were elevated during 
the Tertiary Period 

The voleano was built up principally 
by lava flows, laver 
aver, until a cone 14,000 feet high was 


poured out pon 


attained. Glaciers moved down its sides 
earving U-shaped valleys upon its flanks 
And then, accompanied by a violent ex 
seems literally to 


Frothy 


plosion, the volcano 


nave boiled over, lava rushed 
down the glacial vallevs and overflowed 
the surrounding lowlands for distances 
ip to 35 miles. This lava seems to have 
poured forth at terrific speed, for much 
tf the molten material did not begin to 
solidify until it was four or five miles 


away from the crater Accompanying 
these outpourings, or shortly thereafter. 
fissures developed along the mountain 
flanks, and the weakened dome collapsed 


vithin itself. The vawning crater which 
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these conditions varied in slight deeree 


formed 
the 
vreat Haleakala of Hawaii, which is also 
But he 


ake fills the crater, and most of the bow]. 


the lake mieht never have been 


An analogous” situation eXistS in 


a collapsed crater re ho deep 


19 square miles in area. is arid 


Crater Lake has an area of 20 square 


miles, IS SIX miles in diameter, 2.000 feet 
deep, and has a circular shore-line of 26 
miles The surrounding lava cliffs—the 


rim of the crater rise from 500 to 2.000 


feet above the water surface The in 
tense blueness of the deeper water, con 
trasted with the green of the shallower 
water around the margin, Is recognized 
as the lake’s most attractive scenic fea 
ture This coloring is attributed to the 


of unusual 


lich 


depth and clearness, just as the blueness 


t in water 


scatter 


; 


of the 


throug 


Its from lieht 
the 


skv resu passing 


the 


wide expanse of atmos 


pl ere 


Crater Lake was discovered in 1853 by 
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h of gold 


those 


a party in seare 


rush excitement ot tin 


tence of the lake was forgotten fo 
vears In 1862, and again in 18% 
was “*rediscovered’’ by parties wl 
thought theirs was the initial dis 
Not until 1885 did the lake becor 
erally known Finally, in 1902 
eress established Crater Lake N; 
Park 

Among the many volcanoes 
burst forth along our Pacifie coas 
ing the closing days of the Ty 
Period, only one is still active t 
This is Lassen Peak at the sout] 
of the Cascade Range in northe 
fornia Ilere the volear activit 
been so recent that there has bee) 
time tor modification of the m 
by erosion Although Lassen Ps 
been elaciated, the effects hav 
largely concealed by voleanl a 
which continued after the close « 


il epoch. 


Pleistocene elacii 


Loom Photo, Courte National Pa S 
sASSEN PEAK ON MAY 22. 1915 
S ENORMOUS CLOUD OF 8S 4M AND ASI 10S 
ES ABOVE THF CRATE! 
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Pan-Pacific Press Photo, Courtes Vatsc Va ‘ 
LARGELY A DESERT WAS 
AT THE EXTREME LI WAY RI SEE. 


rHE CRATER INTERIOR OF 


I I MO MAZAMA OF CRATER AKE FAME, 
OF AS ONDARY VOLCANO OMPARABLI N ORIG 
in 1906 Doubtless, there would have 


been no change in its status had not the 
1914 15 centered the eves of 
Consequently, 1 


Vol 


eruptions of 
the nation 
1916, established 
canic National Park 

Truly active volcanoes, however, exist 

Most 
Mauna 
together with dormant Haleakala, 
constitute Hawaii National 
lished in 1916 The 


Mauna Loa towers 13.680 feet above 


upon if l 


Congress Lassen 


in our Hawaiian Islands cele 


brated 


which, 


are Kilauea and Loa, 
Park, estab- 
dome of 
the 
waters of the Pacific, which is 16,000 feet 
The the 


mountain’s base IS unknown Since if ex- 


evreat 


deep at this point width of 
tends bevond the depths of exploration. 
But the voleano’s total height, approxi- 
30,000 feet 
makes it actually one of the tallest moun 
the the 
active volcano, and has poured out more 
the than 


In existence 


matine from base to peak, 


tains of world It is largest 


lava within past century any 


othe 


N TO HA oO W \ » IS 


Kilauea seems to spring from the 
of monstrous Mauna Loa, but act 
a distinct voleano. Although on 
tle more than 4,000 feet in altitu 
crater of Kilauea is slightly larger 
that of Mauna Loa 

Within the crater of Kilauea is tl 
pit of ‘““The Hous 
Everlasting Correctly 


Halemaumau, 
Fire.” 
lated, however, the name means ‘‘H 
of the Maumau 
bearing 


Kern,’’ a native s} 
that 


twisted like certain forms of lava \ 


leaves are contort 


lake is one of the 


active, this lava 


spectacular demonstrations on 


The 


sometimes subside to depths ot a 


masses” of 


white-hot glowing 
sand feet, and again they boil upwa 
the rim, oceasionally overflowing 
times, roaring jets of lava shoot uw 
to heights of 150 to 200 feet 
Another Hawaii Nat 


Park contains dormant Haleakala 


section of 


vreat crater, nearly eight miles in 
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i Zontal i rs | 
se buried hills are s ents ¥ 
| down when the seas a 
hed upon the L 4 the Pa ies 
Era, the thir eat VIS 
wie time OO) 
The rim, or uppermost, s t the 
d Canvon continues rthw el 
ss the plateau and becomes lost be 
h the overlving formations of Zion as ; 
tional Park which were id down du - 
the early half of the next succeedin 7 
the Mesozoic. Follow the latte _— c 
ations eastwardl\ to Mesa Verdes om 
National Park, one encounters rocks ¢ ; 
ater, or upper, part of the Mesozo . K 
Here they are capped by a massive “*'S"> ar . 
stone laver which provided prote Phe ( I 
for the picturesque structures of the he rn U MG \ 
Dwellers Continuin hack wes “ s 
rdlv again to Bryce Canvon Nationa l 
ark, one finds the Mesozoic strata “SOU 1?! s I » 
ped by the Pink Cliffs, laid down dur- | . 
the Tertiarv Period, or eat part of river Is 300 
Cenozoic Era—the last of the five from 2 VU 
at geologic divisions And above lL tc 
se, in the region. are recent lava flows | 
IS, IN progressing fron e bottom « t t 
Grand Canvon, through Zior . 
Mesa Verde, to the top of Bryce Canyon 
@ passes through a vreater seque ‘ 
geologic formations than in rt] 14.000 
nown area of equal extent ‘ ‘ 
The latest elevation o this grea ! 
ateau region is thought to have tak pow : 
ice at the close of the Tertiarv Period 1.000.000 6 . . 
st prior to the beginning of the Grea ! st j 


Age 


n to a depth of a mile in this platea gion, plat 


The cutting of t 


s well as that of 
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ZOOLOGICAL GARDENS. 


By Dr. ETHAN ALLEN ANDREWS 


OF ( oO a8) 


WHILE France developed its one chief 
oolomical warden from the -JJardin des 
Plantes, the earliest beginning (except 
one) of ar n Europe, Germany gradu 
al made several zoolo@ical wardens con 
tinuin ( om more or SS nt 
hes mies 

In 1812, Frederick, the first ne oO 
Wortembure, ordered a zoological eat 
den near Stuttgart where alread in 
keepine there, animals could be found 
about his roval pleasure house, In ap 
propriate housing, and in 1814. the 
buildings were finished and contained 
24 apes, three elephants, a tapir, a 
leopard, five bears, six buffalos, two 
quageas, two beavers, two kanearoos, 
three armadillos, and 40 parrots, eagles, 
ostriches and other birds But when 


in 1816, his son, William 
be 


, 
Frederick died 


the SO 


1] 
la 


vl 


ordered menaverie to since 


} 
latien 


famine due to crop failure hi 
heavily upon his people. During mor 
than a vear the sale of animals continued 
and some were bought up by the king 
of Bavaria and the Grand Duke of 
Baden, thus strengthening various zoo 
logical collections in Germany 

This disperson of wild animals led to 
a memorable contest between man and 
beast wherein intelligence and = force 
were not distributed to the great credit 
of man, for when the big elephant 
weighing 4,622 pounds was sold to the 
owner of a menagerie in Berlin for 


3.300 florins. and was to be shipped to 
Venice on a coasting vessel, the bending 
the the beast hesi 
tate about all Re 
peated offers of food held out to tempt 
ele 


phant that he desperately assaulted and 


of gang plank made 


eoing on board at 


him to board so vreatly excited the 


killed his keeper and made a raid on the 
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Il 


ruit stands hie tal 
nto the elepl nt thie 
cowl i by] het Lil¢ bi 
ind tried to « mb the stan 
roke under his weig] Rep 
es collapsed the great beas 
rose again and broke nto the 
Chureh of San Antonio on the 
the Riva near Schiavoni, ai 
sanctuary made some sort o 
collecting benches about hims 
The end of this i | t 
that on the next da he bra . 
brought up a cannon ai 
a hole in the wall of the | | 
cannon. ball nto the bor ) 
phant. Its skeleton and s 
the eollection at Padua 
One of the first and greatest ; 
eardens ot CGrermany, that at De 


tT! ird oldest in Kurope, Was prec 


the Javerhof, founded in 1725 ai 
taining aurochsen, bears, elks, s 
cons, ete., and also by the men: 
on Peacock Island, near Potsdai 
were kept monkevs, kanearoos 
bears, wild swine, beavers, eagles 
so on 

To build up a great zoologi 
was the plan conceived by the 
and zoologist, M. H. K. Licht 
and this was to be located in the } 
antry at Charlottenburg So he 


to Baron Alexander von Humbol 


the latter laid the matter befor 
kine The kine allowed the bre: 
up of his pheasantry and the dor 
of 407 animals that were then o 
Island of Peacocks. Lichtenstei 


the Zoo 
’*? and to this the 


contributed $1.500 for five vears \\ 


; The 


Cardens of Berlin, 


formed SocietVv of 


interest, but later at three 


per eent 








ZOOLOGICAL GARDENS 


pee n the su Wiis Lis SL) 
Phe erardaen Was ret Ou ‘ f 
ance 1) the enel ( Tor ! 4 Tt 
{ ~~ 
‘ ] 
and the buildings were desier (i 
}? . t 
rofessor Stracl be t} rehiteet R . 
} It WaS Opel | 


Iss4. At first iboldt 


~ on the eomn 


YT S ~ mT) 
SSrOn Tha nett contre ~~ 

(; wth at first was ve) slow hy 1s 
I ‘had taken 


! a 5 
mstein in L857, a od of sta 
m set in unt 1 new caireect ly 
nus, former! tirect he “ 
ne, set the great Berlin zoo on its 
permanently In 1870 ther 
His 


‘ _ Wel 
zoo more than Boo n 
birds of 


als. ay 
300 species, a estimate: lh 
| worth S40.500 \V 
Successive directors were = attracte S 
the zoological vardens at Krank aha most ‘ 
t and at Cologne: In 1900 the so dens of E |) 
| placed the ach nistrative vo?) 





‘ 
‘ ’ 
OSTRICHES ACCUSTOMED TO BEIN KI Ol OORS 
CAR HAGENB oO ‘ 
HE MOST ORS} \ G. MOS =F ' OR 
AT MANY TROPICA ANIMALS WO ) 
PROPER FOOD A> 
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SOME OF THE THIRTY-TWO HEAD OF EUROPEAN WILD BISON 
AS SEEN IN 1907 IN THE VAST DOMAIN OF THOUSANDS OF ACRES IN UPPER SILESIA OV 
DUKE OF PLESS, DERIVED FROM ANIMALS BROUGHT IN 1865 FROM SSIA PO 


increased the 
12.000 


Dr. Lleck 


animals to 25,000, of 


other gardens 
number of 
species 

In 1898 new shares were issued, bring- 
ing up the capital of the company to 


more than one-half million dollars and 
with statuary and all sorts of buildings 
and diversions added to the sight of the 
scientifically arranged animals, the peo 
ple thronged to the garden to the num- 
ber of 60,000 on a fine Sunday. 

This 


two 


vreat development was based 


upon factors: the great love of the 
people for animals, and the interest of 
the Emperor of Germany—history re- 
peating somewhat of the old menagerie 
of the City of 


very 


Assur with, however, a 


great advance made in the share 


due to the people. 

A second zoological garden in Ger- 
many, at Frankfort, arose in 1857 when, 
after 


eight 


committee of 
the 
law to establish a zoological garden with 


much discussion, a 


men obtained from Senate a 


“a capital of 50.000 florins in 200 si 
of 950 each. 


families to have free admission. Oh 


non-taxable, members 


Bochenheimer pike 14 acres were rent 


for 10 vears 

The next vear the capital was doul 
and all the shares were taken up bet 
August &, 


the opening on 1858. 


membership increased : 


1.382 the following vear, most of 
holders being families. Althoug! 
first there was not only a directo! 


but a serent 


charge of the animals, 


head, who started a 


Zooloaical Garde mv, in 1859, whicl 


continued on into 1866, it was fo 
that there was not much popular ap) 
ciation of the scientific side of the 
den and so this aspect was disconti 
for a time but is now in its third se? 
The non-scientific point of view se 
well shown in the emphasis at first 
on the agreeableness of the exhibits 
the thus at first the carni 


SENSES ; 


1.052 in 185 


publication, 7 
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excluded. for t Was Salad n the 
spectus that wild and flesh-eatin 
mals could not be kept in a garde 
ept mm cages and belonged rather 1 
enagerie than to a warden: and more 
r. such animals are of little interest 
being generally afraid of leht they 


asleep or hidden away by dav ane 
venerally assail the nerves of sme 
How different are the possibilities to-da 


ee the introduction of moated enclo 


res In the most progressive gardens! 


Nevertheless, this same appreciation o 


esthetic in the zoological garden is 
of its most commendable virtues te 


duly cultivated and at a later date, 


1903, this same garden was noted as one 


the prettiest in Europe with its lawns 


shady trees, ponds and flowers 


Soon, however. the witts of carnivol 


people of Frankfort who had gone 


broad led to the adoption of the usual 


} 


isses Of animals in this zoo, and the 


irden flourished materially Kron 


}SD8 to the end of 1883 the warden re 


| 


“led 1.276.004 people visiting it 


After the wars, a new lease of life was 


en to the garden when, in 1872, a new 


Zoolomical society was formed witl a 


pital of 1.300.000 florins to accept the 


ffer of the city of 37 acres in the Pfingst 
elde Tree Tor ten vears and then at an 
nual rental of 10 florins per acre 
The first tree was planted on the nev 
site on March 24, 1873, and the old an 
als transported so that at the end of 


at vear the garden contained 1,108 


nimals oft 760 species vVaiued at 1h 360) 


florins 

Ina few vears an aquarium was added 
In 1900 the income had grown to more 
than $50,000: in 1905, to $64,000. and 
n 1906, about $80,000; and it occupied 
seventeen and a half acres with most 
arefully tended paths, lawns, flower 
beds, with many fine animal houses in 
vhich the animals thrived and _ bred 
hile especial attention was given to the 


any fine bird collections, both native 


LL GARDENS 1] 


i a | ~ 

OSSOSS¢ a irkable 
terflies bout 25,000 speci po 
| 1 ) ; Keep ~ 

> O00 but lies the e«ehrvs . 
tlie eX] t I hel 

TT ts th} , 
eny t! ‘ manv | { 
torfitas ff) Sout! \) 

\fh i | L ubbiqnue 
1906 | OOO animals w 

In this | rt garde! 
! ns ‘ hve vall the re t} 

reasil measurement tI 
African elephant from 1901 190 
1.160 to 2.235 meters, recallir tl 
homesteads wl ein like w Ss re 
order +] , h of ee dre) 

But in addition to these great ear 
of Berlin ‘rankfort and Colo 
already spoken of, others aross nm (rel 
many of various degrees of import 
Some ve merely enumerat . 
sreslau, Hambure, Stellingen. Kon 
berg, Stuttgart. Aix-la-Chaps DELiy 
feld, Duesseldorf, Muenster, Hanover 
le pzig Dresden Posen \ sbul 


Karlsrhue Viilhausen Nvmphenb 
Hlalle, Heidelber and eve 


ZOO HE NETHERLA 


\lon 1 ! activitv sh {; 
il e there wet 
nts eal garde t 
| Ts | e and in Ei 
In Hi the painters of the s 
enti 1 vere abl t port? 
animals |? lis na 
(Orpheus ch more rea , 
Thanh Was possible n Italy Since n H 
and the animats of ftorerwn ha na 
become betti nown through ¢ ns 


\s earlv as 1784. a 3.000 Do ad orhiy 


eeros Was sen?f Trom Bengal to \) Stel 
(an And ! That period ecame the ey 
Ing’ of a muel oved inn. in Amsterdat 
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vhich there was a menagerie of impor 


Near The Hague in a eastle, ‘‘hef 
Loo,’ the hereditary ruler maintained a 
collection of curiosities and a menagerie, 
and the director in 1766-1784 publ shed 
a list, with illustrations, of 31 remark 
able animals brought from the colonies 
to this menagerie This catalogue was 
translated into French by Renfer in 
1767-1787. and again later publ shed in 
Dutch in 1804 

It is related by Houel, in a history ot 
the two elephants of Paris, that at the 
time of the French invasion, 1795, when 
the Dutch ruler was driven out, the an 
mals at the Loo were earried off and 
added to the collections of the Jardin des 
Plantes 

In 1809, Kine Louis, of the house ot 
Bonaparte, established a zoological me 
nagerie that continued only thirteen 
months and then, on dissolution of the 
Kingdom of Holland, was sold at aue 
tion. Twenty years after this, upon the 
restoration of the monarehy under the 
House of Orange in 1835, an attempt 
was made to start a government log) 
cal garden after the pattern of the great 
Zoo of London The book dealer. G. F 
Westerman, was the active agent in this 
movement But it was not until 1838, 
op the founding of the society, ** Natura 
artis magistra,’’ that land was bought 
and the zoological garden opened = in 
Amsterdam. In 1840 the famous zoolog) 
eal menagerie of Aken was purchased 
and added to the Amsterdam zoo, and 
Westerman was made the director in 
1841 Since 1852 the society has been 
called ‘*The Roval Zoological Society,”’ 
and sinee 1847 it has published the scien 
tifie journal, ‘‘Beitragen tot de Die 
/, unde *9 

Rotterdam also developed its zoologi 
eal garden, and there were gardens in 
Antwerp, Brussels, Ghent and Liége, 
while others sprang up in all parts of 


Europe, as at Madrid, Basle, Buda- 


Pesth, Kopenhagen, Moscow at 
Petersburg and Rome 
Something of the sequence mn 
ing these various gardens wil! 
later, but we must not overloo 
activities in the British Isles 


ereat collections in the zoo near Li 


BRITISH ZOOLOGICAL GARDENS 


The first zoological garden 
strict sense of the term, develope 
the so-called Knowsley menage} 
Karl of Derby at Knowsley, 

Its elephant folio. for private 
tion, is entitled ‘‘Gleanines fr 
Menagerie and Aviary at Kno 
liall Hoofed Quadrupeds. Ki 
1830, with 59 plates painted, on 
printed, In colors lithographes 
notes by the Earl of Derby, a 


lished by John Edward Gray 

(in the death of the earl this coll 
of animals formed the basis fo 
iegent’s Park Zoo, the great rea 
logical park’’ of the Zoological S« 
of London. This famous society b 
In 1826 at the suggestion of the pres 
of the Royal Society, Sir Humphry D 
who died in 1829), and the geogra 
Stamford Raffles (who died in 1%: 
The objects were to advance zoolog 


to introduce into Eneland new 


markable animals. It thought to 
lish a museum of stuffed animals 
permanent menagerie in which si 
he kept all foreign birds, mammals 
fish that could possibly be tamed 
This idea met with approva In 1s 
the members of the society paid 
the amount of more than $8,000 
rented from the Crown some thirt 
acres in Regent’s Park. They pl: 
the animals partly in houses and pat 
in the open, and first applied the t 
Zoological Garden These collect 
and the numerous publications aris 
as the scientific work of the society 
nished the starting point for a 2 
advance in zoology in England. In 
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s after the beginning, the societ humber had 
}011 members, each pavine $15 thousand 
_and an initiation fee of $25. The Between five sie thous 


en contained some 1,000 different bers of the Zoological Si 


s of mammals and birds. Non-mem paving $80,000 fees. with $250,000 

s paid a shilling a visit, and this made mission fees, broueht the tota 1) 
enue of $30,000, the entire revenue to well toward a half million . hs 
$75.000 and left a surplus . e S60 000 

By 1905 this garden of a great so let) The more recent expans ( thy 


tained nearly 3,000 kinds of verte London Zoo o 


animals. By the vear 1923 the 9 side in which man. th sit sas if 





THE COLLECTION IN PRINCELY PARK, ‘‘HE’ OO N OL! 


TIME OF WILLIAM III, MIDDLE OF THE ISTH (1 
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1939 REPORT OF 


LIONS AS SEEN 


FROM THE rH 


were, the enclosed creature and the ani- 
mals more free to roam, is worthy of all 
Although this 
small, 
Woburn and 
Clifton 


aquaria 1n 


emulation. 
the 


praise and 


ZOO IS SO large and isles SO 
there are other zoos, as at 
Manchester, Dudly, 
Paignton, well 


Stibbineton 


Bristol 
the 
Hall, 


as as 


Brighton, Blackpool, 
Liverpool and London 

shows these modern ani 
vrew out of the ancient 
menageries that chiefly the 


enjoyment of the wealthy overlords, but 


Our history 
mal gardens 
were for 


erew to be shared more and 
more the 


finally they were given up exclusively to 


eradually 


with common people, until 
the populace for enjoyment and educa 
tion 

But Europe had other uses for strange 
animals and one of importance was a 
more or less serious attempt to try out 
the possible practical gains to be had by 
taming wild animals to add to the com- 
paratively few domesticated animals we 
have inherited from antiquity with, alas, 
additions. Acclimatization 


so few 


very 





POORLY EVEN IN THE BEST OF 


ZOOLOGICAT 


IRON CAGES 


SOCIETY OF VICTORIA, 4 STRAI 


and utilization of exotic animals 
most worthy of encouragement whe 
consider the virtues of many beasts 
fowls that are in danger of extinet 
The European parks for aeclir 
tion were essentially zoological 
hoping to add to the 


rather than merely to the people’s 


nation’s 


sure 


PARKS FOR ACCLIMATIZATIOD 


Along 


and parks that may be called zoo 


with the various men: 
cardens, there have arisen a few s 
chief 


been to see how far it may he POSS } 


institutions whose objects 
introduce exotic animals and mak: 
of use as domestic animals 

The first in point of time was the 
successful attempt to domesticate 
dromedary at San Rossore, an hour 
was 


Piza. Here the dromedary 


ticated on a farm with fine pine 








founded bv the Mediecini., prob 
under the Grand Duke Ferdinand 
Tuseany, 1621-1670. In the first r 


in 1690, it is stated that six pairs 
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brought from Tunis, but only sever 
als remained In 1738 and 1739 
more pairs were brought fron 


S by the Grank Duke Franeis Il 
1784 there were as manv as 170 
medaries, and in 1789, 196 More 
$300,000 were spent in purchasin 
medaries at Livorno and three me 
Tunis were emploved in caring for 
mn 
According to an account published by 
e Swedish consul at Livorno in 1840 
hese dromedaries had free range ove) 
enty miles of land. stockaded on one 
side, and bounded by rivers and the sea 
sewhere 
Divided into workers, breeding fe 
ales and foals, they were herded morn 
and evening by mounted guards 
Most of the vear they sought out their 
wwn food. but the breeding females were 
d hay in huts, in December. The 
females continued to breed up to the ave 
twenty one Vears and some lived here 
as much as thirty vears. The young 
ales were put with the working ani 
als and, being tied, fed and cleaned by 


n became tamed and then broken to 


vidle and taught to kneel down. From 
November to May the workers were kept 
stalls; they drank but once a day and 
half the food and did double the 

rk of horses, which were not well 
lapted to the loose, sandy soil; while 
the camels, led in groups of three by 


one man, carmed much building materia 


if 


agricultural apparatus 
In 1840 the animals numbere 


171, 91 
male and 80 female. of which one was 
breeding male, 58 breeding cows, 66 
orkers, 39 foals and seven young calves 
Here may be mentioned the domestica 
on attempts in Australia, where the 
camel was of use in opening up the dry 
nterior eountry 
This idea first arose in the London 
Geographical Society in 1844, when in 
the presidential address of Sir Robert 
Murchison the need of the camel to make 
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This 


vardens 


most famous of acclimatization 
is the of the Jardin 
Plantes in Paris, with which it has much 
historv in common, for we find that the 
then director of the Jardin des Plantes, 
in 1854, Geoffrey Hilaire, in order 
to introduce into France, and Europe in 
eveneral, 


rival 


des 


St 


new animals and 


plants that 





THE 
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COLLECTING WILD ANIMALS FOR ZOOS 


S THE EFFE PO 
col rOR, 
might prove useful, founded a soc 


In L858 this developed aS the Soci 
Jardin with a cap 


of $200,000 in shares of $250 each, wl 


’ } 
d ee limatation, 


rented some fifty TO SIXT\ acres ol! 
Bois de Boulogne from the City of P: 
at an annual rental of $200 


With the aid of the city architect ; 














ZOOLOGICAL GARDENS 


Society of London, the plans — tion r ry 
ec rapidly sO that The rarcden . ay | ny) =] »iww) ( 
| in 1860 with verv much the Paris r t R 
t of a zoological garden, large two Af ( \} ts I 
ows alternating with woods and J et’ , th, r 
bberv, streams, pools and watertalis othe! i ais 
artistically laid out roads) ana Ky ana \nt »russels 
S | T t S 
\s this garden, In a sense, took tl rt 
if the old garden of the Kine that there 
Commune had destroved t Was sre of note s 
rht wise to introduce into it ver ') pure] ‘ : 
h not at all bearing ipon the prob au dey f 
s of domestication, and thus it dev trv: a hy 
as a large zoological warden i ectures am . ( 
i however, some of the animals made tl \\ 
a practical use not antic pated, for ’ m-honss . 
the siege of Paris was imminent ty clit 
ugh many animals were shipped to species 2 . Pp 
oolom~ical gardens at Brussels, Ant Bomby { 
» and Tours as quick us possibli (Opport 1 
the stoppage of trains put an ene de on 30 e 
this salvage, there remained in Paris relay S < . 
animals which were taken over b on horses , . 
Jardin des Plantes and the garde) r to he 
being outside the ortifications bv ostriches | 
fered but little The animals, how scat & O00) 
r, in the Jardin des Plantes were con aqual ml: a Si 
ed as food and thus made useful evcetahlec 


\fter that the expatriated animals li al 


e brought back, only to suffer at the the wot 
is of insurrectionists, who made the ardens ; 
den a battleground and wounded eet ciispla 
th man and beast. or sale: hunting ; Rs 
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Co fesu of the New York Zoolos 
DEER RANGE IN THE BRONX ZOOLOGICAL PARK, NEW YORK 
SHOWIN HAT THE PHOTOGRAPHI NS TO-DAY APPLIED TO MODERN MOD oO} EI 
ANIMAI NI \ Vit WITH Ti} ~ 0 re’ OR BR STi N \ { 
F 
a pheasantry ; many kinds of sheep ; a Although in Washineton n 


daily exhibition of the catching of fish by 
(‘hinese the 


] | 
largest colle 


cormorants: 


tion of kinds of pigeons ever brought 


tovethel : lads sorts of poultry and Poros 


for sale; carrier pigeons descended from 


115.000 


Paris: 


those that earried 


Messaves 


during the sieve of 


a meteorologt 


cal obse rvatory . horse 


stables: ridine 
breaking: a free 
fish 


and acrh 


school : horse 


yvVinnha 


sium for children: hatcheries: a 


library of zoological 


‘ultural 


hooks, as well as Parisian 


papers and 


periodicals; concerts; restaurant: dogs 
rabbits and all sorts of birds for sale 
what else need one add to this eyclopedie 
Zoological Garden! 

This, the for 
there are other parts of France that aid 
in the Marseilles 
the extensive zoo is a sort of half-way 


the 


however, is not whole, 


reneral 


plan, and at 


for animals 
Africa to Paris 


house on way from 





been done by Fairchild and ot! 
finding and introducing foreign 

not so much has been accomplish: 
animals Considet what might 


been farmvards hi; 


added To 
sailors not eaten up 
the 


have been if 


our 
the Dodo—a1 


useful ‘passenger pigeon , 


not exterminated Pos 
bye fore they t} emsel\ es are exter 


men of wealth ma be found to sa 


manatee the mermaid of F 
waters) and the pigmy hippopot 
that might both help clear obsti 
rivers and furnish both meat fles! 
the inner organs some dietitians sa‘ 


he so needed by man! 


ZOOLOGICAL GARDENS IN INDIA 


During the centuries of progres 
Europe, India had also advanced 
zoological but 


the old-day domination of 


collections, here 


SO! 


princes 
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1 In company with the growing Most of t] 
rt of eitv and pub zoolo@lea shed to visit 
tions In India we find an over them exhibited ’ ce himle 


ne ot the more pri tive stave t S Tl ‘ ote) . 125 


arable with that of Assvria and to TO0O9 The ext 1 \ ( 


tt and the more modern phase that tta. found 1877 
st expressed itl tl S | nited States ammais of 1?6 < ~ 104 
e the people take t} c place or the Dirmis al }] — . 


e as owners of the zoos 

1913. when Flower studied the col ZOOLOGICAL GARD NO 
tions of India, there were twelve pub \ 
eardens and as many more to whiecl The. 

pubhie had some access: however has left old Asi: ent ( 


ese latter were chiefly private colle ot vet to ha taken it 


ns and special stables and places for however, in 1900 
keeping of elephants, crocodiles, et movement 
Of the twelve, three belonged to the and raised funds 
iharajas ol Baroda, Jaip r and to the Cit ly 
sore: five to the governments of Ban arden to be rift har that ‘ 1? 
ore, Caleutta, Lahore, Rangoon and 1923 this establishment 
it vandrum ;: and four to the eities ol S6H6.825 peop ts ‘ ts 1/ 





}} mbav, Karaichi, Madras ana Pes] a per ent hn ¢ ss eX Dens 
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iis 

safeguarding some of the native a) - ( | 

still a great supplv house for menave) I} 

s the world over. a center of «x pp \ 
being the Kevptian provinee of Taka ‘ R 
whence animals start for the importan ‘ MISTI 
London market In this buSINeSS « SU] rop Ss, OU S yf it) 
rly ne the menaveries of the world. Ge) that costs SY 
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Mp a eT a 
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MONKEY ISLANDS IN TULSA ZOOLOGICAL PARK, OKLAHOMA 


180 BY 13 EET, EMBRACED BY HI! OF WATER. NO LONGER DO MONKEYS 
CONFINED IN CAGES RESTRICTED BY BARS, B FROM AUSTRALIA TO FAR ARTS OF 
ATES iH A} IA \ I BA Ss I OSURES WHERI MONKEYS AND BABOO>D 
S } Ss \ ) EDOM FROM HUMAN ANNO 


$700; a rhinoceros rises from $40—$100 
to $1,500—-$3,000; and a voung lion goes 
up from $2—$5 to $150—$600 

But not all African animals are thus 
sold out of their native land; some are 
kept in zoological parks such as those at 
Giza, near Cairo, at Khartoum and at 
Pretoria 

Even Australia, the smallest continent 
and the latest to be highly civilized, has 
its zoological wardens: 


and thus, finally, 
carnivora gain access to this isolated 
land where they were so long absent that 
the dominant mammals, ‘*‘marsupials,”’ 
there took on the habits of carnivores 
and herbivores, as if in imitation of what 
was proper in the rest of the world 
Australia has very much up to date zoo- 
logical gardens at Melbourne, Adelaide, 
Svdney and Perth. 

At Sydney, the bears, lions and tigers 
are kept in moated enclosures, and for 
the last there are moats eighteen feet 
Main 
tained by the Taranga Zoological Park 
Trust, this park contained, in 1916, 189 
mammals of 84 species, 450 birds of 103 


deep and twenty-five feet wide. 


species and 63 reptiles of 13 species. 
Even New Zealand has its zoological 
park, at Wellington, and thus the future 
New Zealander can get the 
before 


needed 
British 
lion and seating himself upon London 
Bridge! 


education Visiting the 


ZOOLOGICAL GARDENS IN THE AMI 


The lone vanished menageries 
natives have been reincarnated 


many zoological gardens of 
Americas 
In South 


earden arose at Buenos Aires, a) 


America, a fine zo 


other at Para, Brazil: while smaller 
Bahia 


Janeiro and at Blumenan, Brazil 


sprang up at and at KR 

Far to the north, Canada had its 
at Toronto, Sault Montmorenecy, Q 
and Winnipeg 

In the United States, the mature 
Philade 
started a zoo to be like that of Lo 
and later New York had its ( 
Park Zoo and the great garden 
Bronx, with its remarkable rivals at 
National 


But at various times 


relatively old city ot 


Louis and the Gardens 
Washington 
places zoos of many grades have 

into existence through the breadt! 
not the length, of the land—as at ( 
cago, San Francisco, Cincinnati, B 
Park 

Brooklyn, Baltimore, Denver, Detr 
New Bedford and Springfield in Mas 


chusetts, Pittsburgh, Boston, San D 


falo, Milwaukee, 


Prospect 


and others. 

If we now glance at a list of zoolog 
wardens and the dates of their bes 
nings, we see that after the long dis 


pearance of the menageries and zoos 


~ 

























antiquity many, very many, centuries 


elapsed before there began in Europe, 
the later Renaissance period of the 
sixteenth century, a serious revival of 
such collections of animals kept for 
nleasure. 

- With but slow increase in these gar- 
ens in the seventeenth and eighteenth 
there 
of zoological eollections all 
world, in the nineteenth 
epidemic not yet allayed, for the end is 
not yet. 


centuries, came a great increase 
over the 


century—an 


ST OF DATES OF FOUNDING OF 


ND Zoos 


CHRONOLOGICAL LI 
SOME CHIEF MENAGERIES A 
Sixteenth Century 
552 Ebersdorf 
554 Dresden 
1570 Neugebau 


. teenth Century 
Middle San Rossore 

Versailles 

End Cassell 


1666 


Eighteenth Century 
Potsdam 
6 Belvedere, Vienna 


Beginning 


Schénbrunn, Vienna 
#2 Jardin des Plantes, Paris 


9 
oy 


| 
li 
] 


Nineteenth Century 


1812 Stuttgart 

1828 Zodlogical Society, London 
1830 Dublin 

1835 Clifton Zoo, Bristol, England 
1836 Belle Vue, Manchester, England 
1838 Amsterdam 

1843 Antwerp 

1844 Berlin 

1851 Brussels 

= Ghent 

1854 Marseilles 

1855 Bangalore, India 

1857 Madrid 

- Rotterdam 

" Melbourne 


Before 1858 Madras 

1858 Aecclimatization Garden, Paris 
se Frankfort 

1859 Kopenhagen 

‘¢ ~ Philadelphia 


on Trivandrum, India 
1860 Cologne 
1861 Dresden 
1863 The Hague 
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1863 Ham 


\ 
7 
\i ‘ 
S64 \los 
sf I 
‘ e g 
Har 
Cc \ ,' ( 
LS6E Caris 
‘ B I 
868 Mull 
L870 Me ig ( gy 
Bom! 
sa B I 
1871 St ga 
1874 Ba 
sé Posen 
. Duesse r 
1875 Cine nna 
ses Muenster 
e Jaipur, India 
. Alipore, ¢ ta 
1878 Le pzig 
1879 Elberfeld, ¢ ! 
. Taronga | Sydne 
1881 Posen 
Karaichi, India 
1886 Aix-la-Chape 
1889 Nationa Park, Ww shington 
1892 Mysore, India 


1894 Bronx, New York 
Buffalo, New York 


Koenigsberg 


1895 
1896 


1898 Pretoria, 


Twentieth Century 
1900 Halle 
se Kyoto 
1902 Zurich 


1904 Milwaukee 

1906 Rangoon, India 
1909 Peshawar, India 
1929 3ern 


COsTLINEss orf Zoos 


From the first collection, animals have 
been costly; only the very wealthy or 
powerful could finance their capture and 
upkeep. But in recent centuries they 
have been handed over more and more 
to the people as part of the educational 
and recreational adjuncts of civilization, 
not merely a luxury, but of importance 
as part of the apparatus for employing 
the spare time that seems in danger of 
hanging heavily on man’s hands and 
full of potential dangers. 


THE SCIENTIFIC MONTHLY 


In the zoos, society mingles with its 
modern activities a bit of the observa- 
tions and emotions that primitive society 
experienced when wandering as mere 
weaklings amidst the multitudinous wild 
things of Nature’s Garden. 

To stage the Garden of Eden is costly. 
Zoological gardens, like public schools, 
are costly and not of such absolute neces- 
sity that they can not be dropped in case 
of war, flood or other disaster, when 
there is necessity for the saving of sheer 
life. 

In general, the larger number and the 
diversification of animals increases the 
whole outlay, but there may be excep- 
tions, as in Sydney when in 1916, with 
only 700 animals, the expenses were 
$32,960 and the income only $31,625. 
A deficit is far too common and often it 
is made good by grants from the govern- 
ment; that is, by taxes on all the people; 
through gate fees—by tax on those who 


visit the zoo as paying visitors: 
often by various side shows such 
restaurants and concerts. In some ; 


as at Antwerp, there may be successfy 
breeding of costly animals and sale 


that in 1903 ran the income up to $100 
000 with expenses of but $24,000. 
The greatest zoological garden, 


London Zoo, with its 3,082 animals, had 


in 1923 an income of $436,970 agai: 
an outlay of $497,655. 

In 1916 the great zoo of Cologne } 
expenses of $93,611 and only $70,000 ¢ 
meet them and care for its 3,109 anima 


~ 


In 1922 Pretoria, on the other hand 


took in $55,930 to eare for its 1,556 a 

mals, with expenses of but $37,260 
About that time—the next year, 

fact—Kopenhagen had 1,560 anin 


and took in about $70,000 to meet ex 


penses of $91,000. 
And still we do not see 
of the field’’ as did old Adam! 


‘ 


SCIENCE IN WAR TIME 


WE come together at this season of the year to 
discuss the latest advances in our science and to 
listen to the announcement of new discoveries. 
This implies a philosophy of life, an optimistic 
philosophy; we would not work as individuals 
nor assemble as societies if we did not believe 
that science is worth while, and that human 
progress is both possible, and, for some in- 
scrutable reason, worth working for. This was 
the philosophy of science in the time of the 
Greeks, and it is the philosophy of our science 
of searce four hundred years’ growth. Modern 
science, I need hardly say, was entirely European 


in its origin, as is our American scientific | 
lation; and all science is ours to promote 
advance by right of inheritance no less than 
intellectual sympathy. 

Now that the great war is so largely ar 
ing the progress of science in Europe it is 
bounden duty to see that there is no halt 
in America; we should hold fast to our f 
and strengthen our efforts for the advancem 
of science.—Dr. Frank R. Lillie, in an ad 
delivered before the Zoological Section of 
American Association for the Advancement 
Science, December 30, 1915. 


‘every beast 





LITTLE ACADEMIES I HAVE KNOWN 


By Dr. C. JUDSON HERRICK 


PROFESSOR EMERITUS OF 


I 

Since the days when Socrates talked 
and Plato wrote in the groves of Athens, 
and doubtless long before that, kindred 
minds have met and by friendly attrition 
sharpened the edge of keen thinking. 
Such debates and dialogues led to mono- 
logues if one member came to dominate 
the group. But how comes it that one 
dominates the others? 

Whatever the answer, we find here the 
verminative stages of the academic lec- 
ture and of modern the 
systematic search for knowledge, scientia 
as opposed to scientiola. Many centuries 
of dialectic muddling elapsed before 
what we now recognize as valid scientific 
method emerged, and even now our code 
is sadly defective. It too often fails us 
where we need it most—in the resolution 
of acute problems of human adjustment. 

It is a mischievous tradition, widely 
accepted by both philosophers and men 
of science, that science is impersonal. 
It isn’t. It can not be. The observa- 
tions are made by persons who see what 
they are looking for. The working hy- 
pothesis and the experiments designed 
to test it are conceived in imagination, 
without which no science is possible, only 
masses of inert data. The scientific 
product is what it is because the people 
who make it are what they are. 

The personal equation, then, must be 
recognized and taken into account in 
evaluating the product—quantitatively 
where possible, as in some astronomical 
observations—but it can not be elimi- 
nated from either the method of science 
or its product. The futile attempt to do 
so only puts scientific inquiry under ar- 
bitrary restraint, limiting its scope and 
hampering its method, as is tragically 


also science, 


13 


> 
oh 


NEUROLOGY, 


) 
> 


THE UNIVERSITY 


OF 


evident especially in the science 
Here the 


important 


in his social relations 
that are really 


sonal attitudes, interests and 


Sat 


tions of the people who compose tl e SO 


their 
Science can not find the 
swers to the questions that most e« 


ciety, the values which motivate 
behavior. an 
meern 
us—how to get along with ourselves and 
with one another—by ever so clever an 
application of a scientific method which 
excludes the the 
problem from its formulation. And this 
holds for scientific investigation itself, 
in every other field 

Most scientific research is properly, in- 


essential factors of 


as 


deed necessarily, devoted to the accumu- 
lation of factual data and their analysis, 
with arduous and infinite pains 
Any competent and adequately trained 


labor 


person can do this essential spade-work 
But only a creative intelligence has the 
insight to recognize the really significant 
relationships among the data so brought 
to light. - it is the 
Geist which marks originality in science 


This ability is genius 


or any other human enterprise 

Our traditional code of scientific pro 
cedure, a cold-blooded 
analysis of the raw data, was elaborated 
as a guiding principle for 
work. Here it has worked out very effi- 
ciently, and for these data rig 
quantitative statements is the ideal for 
which we strive. Yet even here the tra- 
ditional code has missed something ; its 


as intellectual! 


the spade- 


rous 


neglect of the interest and satisfactions 
of the worker, that is, 
herent in the process of research, steril- 
izes the product. And 
turn to the really important 
science, the creative insight of 
this code fails us utterly. 


of the values in- 


now when we 
work of 


renlus, 
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A million ecards assembled by the Bu- 
reau of the Census are appropriately 


punched by intelligent enumerators. 


The analysis of the data recorded in 
accordance with any one of the standard 
categories established by the system of 


punch marks previously adopted is done 
rapidly and accurately by a machine. 
This mechanism ‘‘knows no values’’ and 
requires none. It delivers the totals 
analyzed according to the prearranged 
schedule of categories. It may tell us 
how many employed men there are in 
Detroit and what they bought with their 
wages. But now, if one asks the ma- 
chine a question not provided for in the 
original design of the punch marks, he 
gets no answer. Our traditional scien- 
tific code, like the sorting machine, may 
give us objective and accurate answers 
if we know what questions to ask of na- 
ture; but it requires a live genius, not 
a dead machine, to think up really sig- 
nificant new questions and then find the 
answers. Here the sorting machine 
breaks down. 

A de-humanized science is a dead ma- 
chine which can do some routine things 
very well. But actual science is not dead 
and the great scientific discoveries have 
not come by close adherence to the stand- 
ardized formulas of mathematical pre- 
cision or logical rigor. The flash of in- 
sight which starts a genius on a long 
series of observations and experiments 
resulting perhaps in the validation of a 
new scientific principle doubtless has 
eauses. And these causes are to be 
sought within the person of the man, not 
in any adventitious external happenings. 
No external event can give us insight. 
An original idea will not be generated if 
the makings are not already there in the 
conscious and unconscious organization 
of its inventor. 

The motives which generate scientific 
work and sustain it, the intelligence 
which directs it, and the satisfactions of 
successful achievement are not merely 
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the tools of science or by-products: t} 
are integral and vital parts of it. T) 
increasing volume of protests against t 
traditional dogma is a hopeful sign t 
the humanistic components of science ay 
at long last receiving their due attent 

as expressed, for instance, by John | 
Merriam : ‘‘In the end I believe we have 
come to see that the scientific method is 
characterized in considerable measure b\ 
attitude of mind and desire for trut 
rather than by complete mathematica! 
physical solutions of questions.”’’ 

This is why intimate biographies of 
successful men have so strong an appeal, 
and the autobiography is the most valu 
able source-book of science. For the « 
tracurricular interests and activities o! 
scientific men reflect their own inner na 
tures and so give invaluable help toward 
a true evaluation of their work. Science 
is a social enterprise, ‘‘a cooperatiy 
effort toward a united understanding”’ 
(Edwin B. Wilson), and it is profitable 
to examine its social components as seen 
in association of informal groups or or 
ganized societies. This thought has led 
me to assemble these personal reminis- 
cences of the Little Academies. 


II 


In the biography of Louis Agassiz’ we 
find perhaps the most typical picture of 
unusual native ability directed with 
singleness of purpose and consummat: 
industry toward researches in natural 
history of wide scope and scrupulous 
fidelity to detail. This child of a Swiss 
protestant clergyman had an _ under- 
standing mother who was his teacher 
and who fostered his individuality, in- 
comprehensible to her though it came 
to be and even though it involved the 
transformation of the parsonage into a 
veritable museum of all manner of out- 
door litter and a menagerie of all kinds 
of wild pets. 

1E. C. (Mrs.) Agassiz, ‘‘L. Agassiz, His Life 
and Correspondence,’’ 2 vols., London, 1885. 
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We know of no external influences 
which lighted the flame of spontaneous 
enthusiasm for nature which led him 
from infancy to learn the ways of every 
wild thing before there was anyone to 
tell him even their names; to write at 
fourteen years of age a program of his 
future life which included a career in 
both science and literature with a long 
list of the books to be procured imme- 
diately, extending from Strabo in the 
original Greek to the latest geographical 
charts; to plead with his parents to allow 
him to go to the university instead of the 
business calling laid out for him; to take 
the medical course as lying closest to the 
study of nature which he had at heart; 
and in spite of an ‘‘invincible repug- 
nance’’ to the practice of medicine to 
complete the medical course while ar- 
dently devoting himself to his real in- 
comparative anatomy and 
paleontology. 

While studying in Munich a group of 
about half a dozen students used to as- 
semble in Agassiz’s lodgings for discus- 
sion of the day’s work and of things in 
general. The themes were taken chiefly 
from their own extracurricular studies 
of comparative anatomy and philosophy. 
In these sessions each of these remark- 
able students gave to the others a more 
or less formal lecture on some subject 
related with his own study, and the fol- 
lowing debates often extended far into 
the night. 

So serious and diligent were these boy- 
ish enthusiasts and so strong was their 
influence upon the university community 
that these informal meetings came to be 
called the ‘‘ Little Academy,’’ a univer- 
sity within the university. How many 
American students of to-day would take 
kindly to their daily program? From 
six to seven o’clock mathematics; from 
seven to eight breakfast prepared with 
their own hands; at eight a clinical lec- 
ture in medicine; at ten a lecture on 
mechanics ; at eleven twice a week a lec- 


se 


terests in 


ture on the natural history of amp! 


ians: from twelve to one lectures 


sense organs. Dinner was at one o’clock 
in a quiet private house at a cost of nine 
cents each. 


Then chemistry with experi- 


mental demonstrations, and at three lec- 
tures on entomology. On Saturday a 
lecture on experimental physiology and 
two on philosophy, or perhaps one in 
theology on the philosophy of inspira- 
tion. Thus the days are filled until six 
o’clock. Possessing but one pot, wi ch 
had to be used during the day { 

up the bones needed for their studie 
comparative osteology, at evening 

it out (1 
it; the record is silent on this point 
cooked their simple supper. Then f 
lowed the long evening of study, discus 


presume the. 


cleaned 


ons of the 


the more formal sess 
Little Academy. 
In this setting we see the workshop in 


sion. or 


which some of the great naturalists of 


the 
Agassiz supported himself on an income 


nineteenth century were forg 

of $250.00 a year, which his father man- 
aged to save out of his own meager sal 
ary. From this he paid the university 
bills, the and 
kept in his employ one, and occasionally 
two, artists to illustrate his researches 


bought necessary books 


‘*But they,’’ he says, ‘‘ were even 
than I, and so we managed to get 
Before Carlyle penned 
learned 
his secret: ‘*Produce! Were 
it but the pitifullest infinitesimal frac- 
tion of a product, produce it, in God’s 
name! ‘Tis the thou 
thee ; out with it, then.”’ 


together.’’ 
Sartor Resartus this youth had 
Produce! 


utmost hast in 


III 
The Academy instituted by Plato in 
387 B.c. set the pattern and inspired the 
ideals of succeeding learned societies up 
to our time. But independently of this 
tradition, and 
plete ignorance of it, similar associations 


doubtless often in com- 


have sprung up as if by spontaneous 
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generation wherever active and inquir- 
ing minds have met. Examples of this 
in our own time are everywhere about us. 
In addition to formally organized stable 
academies and similar associations of 
mature scholarship, there arise in almost 
every cultured community sporadic and 
frequently ephemeral societies generated 
by similar cravings for new experience 
and opportunities for self-culture and 
expression. It has been my good fortune 
to participate in several of these, some in 
college and university circles and some 
untrammeled by any academic tradi- 
tions. Here I have found some of the 
richest sources of inspiration and scien- 
tific fellowship. The first of these was a 
formally organized college association. 

On the 16th of April, 1887, my brother 
organized the Denison Scientifie Associa- 
tion. I was the youngest charter mem- 
ber, being then a student in the prepara- 
tory department of the college. My 
pride in this membership is greater than 
in that of any of the other scientific 
societies with which I have been con- 
nected since that time. The association 
has an honorable record in the promotion 
of scientific work; its Bulletin is now in 
its 44th volume; and nearly all these 
pages record creditable scientific work 
by members. Perhaps the most valuable 
contribution to science made by this asso- 
ciation is the intangible influence upon 
its membership and the college com- 
munity in general. It was my privilege 
to attend the meeting commemorating 
the fiftieth anniversary of its founding, 
when I said: 

The key-note of the movement from its in- 
ception was, ‘‘Find it out for yourself; take 
nobody’s word for it.’’ The membership was 
composed chiefly of undergraduate students and 
the primary function of the organization was 
evidently the stimulation of interest and train- 
ing in the method of science. The immediate 
success of the enterprise can be measured in two 
ways. First, by the surprising number of con- 
tributions to knowledge deemed worthy of pub- 
lication made by the students themselves and 


by junior members of the faculty; and, second, 
by the reflex effect on the educational policy 


and actual class-room practice of the college 

a whole. The significance of this second 
should not escape us. It is a remarkabl 
that nearly half of the student charter members 
came from the classical, not the scientific, cours 
and two of the five faculty members were te: 
ers of Latin (Chandler) and Greek (Johnsor 
respectively. 

In an address delivered on the date 
of this semicentennial Professor Carey 
Croneis said of the twenty-seven charter 
members : 

They were all young, most of them in their 
twenties, but a great many were to attain n: 
tional, and even international distinction. Of 
the group, thirty per cent. were later list: 
‘“Who’s Who in America.’’ A half dozen wer 
starred men in ‘‘American Men of Science,’’ 
and two of them became members of the Na 
tional Academy of Sciences. As far as can b 
ascertained, practically all of the twenty-s 
gained some real distinction in life, interestingly 
enough some of them in fields quite distinct 
from science. . . . Herrick’s influence remained 
strong on all of these early associates. He was 
the central figure in a group whose members 
considered themselves his disciples. . . . In 
very real sense, then, Denison’s little scier 
nucleus, with C. L. Herrick as its mentor, may 
be compared, and favorably too, with tl 
Agassiz or Shaler circles at Harvard, or th 
famed University of Kansas group under Pr 
fessor Williston, the latter having been act 
at almost precisely the time that C. L. Herrick 
was at the height of his inspirational career.? 

Some years later, when I was a junior 
member of the faculty of this same col 
lege, a few of us, representing as many 
departments of science, met every Sun- 
day evening to talk things over, particu- 
larly what we were doing with out head- 
pieces. It came to be customary that as 
each in turn led the informal talk of the 
evening he reported to the others what 
he had achieved in research, in reading 
or in constructive thinking since his last 
report. To come unprepared with some 
contribution was so embarrassing that 
this did not happen a second time. The 
personnel of this Little Academy shifted 
somewhat from year to year, but its in- 
fluence was stable, and at least one of its 
members looks back upon the decade of 

2Carey Croneis, Denison University Bulletin, 
32: 133-144, 1937. 
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his connection with it as the seed-time of 


many later harvests. It is true that 
many of these seeds were late in ger- 
mination and were quickened, perhaps 
by sun and rain in solitary walks of later 
life or in the seclusion of the study after 
years of patient laboratory observation 
and accumulation of apparently trivial 
details. 

Not all the sessions of this 
were held within college walls 
stated weekly meetings that our col- 
leagues called our ‘‘Sunday School.’’ 
All-day field meetings were not uncom- 
mon. The geologist would take us across- 
country to see a ‘“‘fossil river’’ 
preglacial course would be followed mile 
after mile as a wide and winding valley 
now floored with fields of grain to end in 
some late glacial moraine which blocked 


academy 
or at the 


whose 


the ancient channel and diverted the 
water to a new course. 
At noon-time with weary limbs 


stretched on mossy cushions overlooking 
a narrow rocky gorge the history of the 
little brook below would be read back- 
ward ten thousand years, all as clearly 
written as if human eyes had seen it and 
made a record in print or on tablets of 
sculptured stone. An ancient rivulet 
eaptured and impounded by dams of ice 
or glacial moraine; a wide lake quickly 
filled by melting ice; the overflow 
through the lowest col between the rim- 
ming hills; and the slow etching of a new 
channel deeply incised in native rock 
until the lake was drained and our brook, 
its more strenuous task accomplished, 
murmurs contentedly over the pebbles in 
the gorge at our feet. 

Trailing fossil rivers may be as thrill- 
ing sport as the hunting of the snark. 
You charm them with smiles and with 
soap ; you threaten their lives with a rail- 
way share; and you march uncounted 
leagues in sun and frost over hills and 
fields and squashy swamps. And all the 
while the mind of the academician is 
projected outward alert for clues point- 
ing the way and inward probing for for- 
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gotten experiences which, though appar 
ently irrelevant, may tie into the present 
problem with some unexpected relation 
ship. 

At this time the summers were spent 
at Woods Hole, where a Great Academy 
the spiritual and physical offspring 


Agassiz’s Little Academy, then, as now 


brought together the most fertile scien 
tific minds of our continent A few 
years later we of the little midwestern 


college developed our own summer lab 
oratory, which our students dubbed 
‘“*Woods Hole Through the 


kindness of a neighboring farmer we se 


Junior.”’ 


cured a lease of one twentieth of an acri 
of pasture land—duly 
eorded- 


spring. 


surveyed and re 


; 


free fl 


which included a wing 
Here a tiny laboratory building 
was erected over the running water and 
in a near-by tent one or more members of 
our Little Academy slept regularly for 
several successive summers 

The routine of 
simple—and productive. 
Breakfast cooked at open camp-fire out- 
Then steady work at the micro- 


scope for four or five hours. At 


the daily sessions was 


Up at dawn 


side. 
noon a 
ten-minute walk across the brow of the 
hill took me home to a hot dinner. Then 
correspondence and routine professional 
duties until late afternoon, and over the 
hill again with a hamper containing sup- 
plies for the next 
breakfast. 

Our camp was out of sight of the col 


camp supper and 


lege or any other buildings and of any 


My 


the game 


road. 
wife entered into the spirit of 


The seclusion was perfect. 


and if, during the forenoon, telephone or 
other calls came for me she would reply: 

**He is out of town.”’ 

‘*When will he be back?’’ 

** About one o’clock.”’ 

This harmless fiction was kept up for 
two successive summers before town and 
college people saw through it, though at 
no time were we more than fifteen min- 
utes’ walk from the college offices. 


This period marked the high-water 
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mark of this Little Academy. After a 
camp supper the long evenings were 
spent before an outside fire. Sometimes 
only one member would be in attendance. 
More often a colleague or two or three, 
with perhaps wives and children and a 
guest. And always a dog. Then the 
visitors would be escorted under the stars 
through the dewy pastures to their homes 
and soon we would be in our own blan- 
kets by the banked bonfire. At daybreak 
a dip in the watering trough of the pas- 
ture fed by cold spring water opened the 
next session of the academy. 

On Saturdays during the school ses- 
sions the field meetings of the academy 
would occasionally be attended by visi- 
tors from the neighboring state univer- 
sity. The long-legged zoologist and the 
psychologist whose shorter legs were en- 
eased in seven-leagued boots of new 
moose-hide would drop down into Woods 
Hole Junior before the morning was old. 
Meantime the resident academicians had 
set a pot of beans a-baking. 

Real camp-baked beans are a delicacy 
which few people nowadays can enjoy. 
Ordinary navy beans will do on a pinch, 
but the true academician will find the 
genuine New England yellow-eyed beans. 
First dig a pit about three feet deep. 
Line it with small field stones. Over it 
build a huge fire of oak, hickory or other 
hard wood until the pit is filled to the 
brim with glowing coals. Meantime the 
beans have been parboiled in an iron pot 
over an open fire, just the right propor- 
tions of salt pork, molasses and other in- 
gredients added; over the pot lid a tin 
pie plate is inverted. Then with a long- 
handled shovel the live coals are quickly 
scooped out, the pot is lowered into the 
pit with appropriate incantations, the 
coals are shoveled back over it and the 
top covered with a few inches of dry 
earth. Next, walk twenty miles. At sun- 
down the homing instinct will bring the 
academicians back to the bean pot. If 
this recipe is faithfully followed, it is 
guaranteed that the bean-hole will yield 


food fit for any immortals on Earth or 
Olympus—and no beans will rema 
the pot at bed-time. 

Those Saturday walks were exer 
for mind as well as body. The cur 
ways of man came in for due share 
attention. Sprawled in the sun on 
erest of one of the denuded Welsh H 
with head pillowed on a lichen-coy 
stone and feet buried in ruddy s| 
sorrel, the scene would suggest a ques 
tion. Upwards of a hundred years 
the first settlers penetrated this w 
ness. They came direct from W 
With hundreds of square miles of vir 
land before them, all to be had for 
choosing, why did they pass by the 1 
bottom lands and settle on these st 
and rock hills? In the fertile valleys 
which they are surrounded are now 
richest farms in the world. On 
barren slopes the hardy descendants 
those hardier Welsh pioneers still wr 
a meager living from the pockets of 
between the stones of their ancestr 
hills. 

Why? Did they foresee two gener 
tions of fever and ague in the malar 
thickets of the swampy bottoms 
rugged health on the uplands? D 
they weigh over against bounteous |! 
vests of golden grain and golden coin 
the lowlands the harvest of men, 
staunchest and best our country has p: 
duced, which has since been reared on 
these uplands? I doubt it. The hill 
man loves hills. It is bred in his bon 
He does not argue about it. He does not 
sentimentalize about it. He lives it 
And given hills with contentment, bh 
is content. 


+ 


IV 

In this same period another group 0! 
naturalists began to tread the shifting 
sands of the Indiana Dunes at the sout! 
end of Lake Michigan. Small groups 
of two to six men would go out from 
Chicago at the week-end and spend a 
long day tramping the wastes of sand 
and forest to watch the dramatic conflict 




















of these natural enemies and talk of 


many things. The people of the group 
were rarely the same on two successive 
weeks, but a few of the men were regular 
attendants of these sessions of what I 
ame to call the “‘Dune Academy.’ 
Among the early votaries were Whit- 
man, Coulter, Cowles, Child, A. P. 
Mathews, Waldemar Koch and other 
distinguished members of the University 
of Chicago in its early years. My con- 
nection with the Dune Academy began 
in 1907 and continues until now. With 
the transformation of most of that region 
from the primeval wilderness of early 


; 


days to clustered summer homes with 
paved roads and tidy lawns its charm for 
the true academicians has vanished; yet 
fortunately there still remain some se- 
eluded spots quite unspoiled for us, 
and oeeasional week-end sessions of the 
academy continue. 

The memories of those early days 
when one could walk for twenty miles 
with seareely a trace of human meddling 
are very precious. 
our devious ways from lake beach to 
drifting sand, through thorny scrub and 
noble forest, to settle down at last in 
mid-afternoon around a little fire, a pot 
of tea and a bite to eat. With pipes 
lighted and weary muscles at rest the 
talk would drift from shoe-packs to 
Schopenhauer, with a tinge of pessimism 
perhaps at both ends of the argument 
but never all the way between. Espe- 
cially in winter, when drifting snow was 
piled on drifting sand, the afternoon 
lunch at a campfire in the lee of a shelt- 
ering dune and protected by low-hung 
branches of pine was always enlivened 
by animated discussion. Newly discov- 
ered facts were spread before us for 
comment and every interpretation was 
subject to merciless criticism. Several 
notable books were incubated in the 
warmth of these discussions. 

But not all these sessions were so ani- 
mated. The fact that other members of 
the party failed to attend never led to 


Then we would wind 
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an adjournment, for one Is a quoru 
the Dune Academy and every a 
cian has learned to get along comfortal 


with himself A solitary noon camp 
sheltered under snow-festooned pines has 
featured some of the most inspiring ses 
sions. In the troubled September of 
1917 I spent four weeks in a tiny sl! 

on the front dune looking over the Lak 

alone except for an 
later years much writing was done in a 
similar cabin in the same neighbor! 

Vv 

The next chapter in the history of 
Little Academies I have known takes us 
forward to that era when the M 
Ford was the most popular means 
locomotion in this country. The appan 
age of the peripatetic academy was ¢ 
larged to embrace the effective range 
a flivver tramp. Camp equipment was 
always stowed in or around the car when 
we set out for no destination 

The annals of what may be ealled 
Flivver Academy include the log of 
many such aimless wanderings, some by 
flivver, some by other means of trans 
port, and some reaching no farther 
the range of vision from study windows 
For the qualifications for membership in 
this academy are defined in terms 
mental attitude rather than by actual 
propinquity in space and time. These 
holiday adventures would take us too far 
afield for narration here. One incident 
must suffice. 

We had motored up to the north erd 
of the Iron Range in Minnesota. Here 
we parked the car and took to the water 
for change of scene and because that was 
the only way to go any farther in that 
direction. We claim to be good flivver 
tramps but not good fishermen. In proof 
of it we earried no tackle into unsur 
passed fishing water and ate Alaska sal- 
mon from tins. What business, then, 
had we there? None whatever. But to 
flout the rules of logic and convention 
is the flivver tramp’s inalienable right 
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We came into the fisherman’s paradise, 
we saw, and we did not fish. Who is the 
worse for it? Not the fish. And we got 
what we went after, a better record than 
some fishermen can boast. 

We were in camp at Knife Falls on the 
international boundary, accessible only 
by canoe and the take-off for hundreds 
of square miles of more canoe-country in 
the hinterland. No other transport was 
available. At the head of the portage 
around the Falls is a tiny campsite. It 
was late afternoon. A party of four men 
came up, the canoes neatly balanced on 
the shoulders of the guides and the two 
fishermen carrying the duffle. One of 
the latter was obviously a fisherman in 
prospect, not in retrospect. For, item 
first, he wore a straw hat. Item second, 
while the other three men rustled up 
wood and supplies to make supper he 
sat down on a log and began to talk with 
me, an unknown stranger, about meta- 
physics. 

The details of the argument I have 
forgotten, but the upshot of it was that 
the findings of Einstein have forged the 
last link in the chain of evidence demon- 
strating the truth of the idealistic phi- 
losophy. 

I did not learn his name and we parted 
within a third of an hour. He may have 
been a university professor, an eminent 
divine or an iron-monger; he certainly 
was a Scot. Though you bray a Scotch- 
man in a mortar, yet will not his meta- 
physies depart from him. 

VI 

Informal groups of earnest searchers 
for scientific knowledge spring up in un- 
expected places. Before the Great War 
a group of Chicago men gathered around 
the magnetic and lovable personality of 
the late George Burman Foster. They 
wanted to know how we lived and why, 
and how to do it more successfully. 


When Mr. Foster came and asked me to 
guide their discussions of the application 


of biological principles to problems 
human experience and conduct, I sa 
‘‘No. I am not a parlor lecturer 

I have no ambitions in that direction.” 
But later when he invited me to his 
house to meet the group socially I could 
not well decline. The twenty men pre- 
sented a representative cross-section 
Chicago’s more thoughtful population — 
merchants, lawyers, physicians, archi- 
tects, clerks, stenographers and a tel 
phone lineman. All were busy people 
some were men of large affairs, and al! 
were alert, keen and critical. 

I could not resist them. The result 
was that for twenty consecutive Thurs- 
day evenings, including Thanksgiving 
and Christmas, most of these substantia! 
citizens sacrificed every other engage- 
ment to participate in these discussions 
A systematized lecture was impossible 
Within fifteen minutes the leader was 
bombarded with questions which cut 
down to the marrow of the subject, and 
he admits that after each three- or four- 
hour session he was too thoroughly ex 
hausted and at the same time nervous|) 
tensioned to think of sleep for several! 
hours. 

There was no financial consideration 
involved. We all entered into the game 
for the joy of the sport, though in later 
years some of the lecturers were paid 
Years passed and this group continued 
to hold regular meetings. The numbers 
increased and naturally the sessions 
were not so informal as at first. After 
Mr. Foster’s death and my withdrawal, 
Clarence Darrow was the natural leader 
His abounding energy and Irish wit, the 
unpredictable output of his whimsicall) 
illogical mind, his warm human sym- 
pathies and generous nature would hold 
the group together during the discussion 
of the most controversial social ques- 
tions. What came to be called ‘‘Mr 
Darrow’s Biology Class’’ was known to 
but few people, yet its influence upon 
the cultural life of a great city was un- 
doubtedly far-reaching. 
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A long time afterward there was an 
unpleasant repercussion of these confer- 
ences. One of the stories I told appar- 
ently seeped out to an adsmith for, in 
looking over the morning paper one day, 
| was disagreeably surprised to see, blaz- 
oned across the top of a full-page adver- 
tisement of a shoddy pulp magazine, my 
name cited as the source of the story. 
It was a good story—not original with 
me—and its unauthorized use was not 
legally actionable in either case. The 
situation resembles Kipling’s version of 
the circumstances ‘‘when ’Omer smote 
‘is bloomin’ lyre’’— 

An’ what he thought ’e might require, 
’E went an’ took—the same as me! 


This advertisement appeared in many of 
the largest newspapers of the country 
and its author, if he should chance to 
read this, may be surprised to learn that 
if he had come to me and offered $10,000 
for this use of my name I would have 
told him to go to perdition. 
VII 

My most recent attendance at a Little 
Academy was as thrilling as it was un- 
expected. In the course of a long pil- 
grimage by motor down the West Coast 
we paused to attend some sessions of the 
Stanford meeting of the American Asso- 
ciation for the Advancement of Science. 
Here our largest and most influential 
scientific organization and the smaller 
satellites which revolve about it in more 
or less eccentric orbits presented an im- 
pressive demonstration of the social val- 
ues of science in formal array. The 
Little Academy meeting to which I refer 
was the antithesis of this in every super- 
ficial aspect, and yet it approached the 
Platonic ideal, I venture to say, as 
closely as we can ever hope to attain 
under modern conditions. 

On Sunday morning the contemplated 
trip to the Yosemite (which I have never 
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seen) was abandoned to accept an invi 
tation by Professor and Mrs. Chauncey 
D. Leake to lunch at their summer cabin, 
**Casa de los Medicos e Farmacos,’’ near 
Boulder Creek and the ‘‘Big Basin’’ in 
the redwood forest of the California 
Coast Range. The guests were Dr. E. G 
Conklin and Dr. Olof Larsell (both of 
whom were sometime Dr. Leake’s teac! 
ers) with Mrs. Larsell and the writer 
Here during the lunch hour various 
others drifted in until all the members of 
Dr. Leake’s Department of Pharmacol 
ogy and their wives were present. Then 
to the surprise and delight of the guests 
we were assembled in a tiny natural 
amphitheatre formed by a eircle of 
closely set redwood trees containing in 
the center a little open fire for warming 
the coffee and around this a row of 
After enjoying Mrs. Leake’s 
refreshments, Professor Leake opened 


benches. 


one of his regular departmental sem) 
nars, introducing first Dr. Otto Gutten- 
tag, who gave a scholarly presentation of 
some German contributions to the philos 
ophy of biology. He was followed by 
Dr. Charles Gurchot, a Frenchman, who, 
as was to be expected, subjected his Ger 
man colleague’s argument to pungentl) 
critical analysis. After some general 
discussion Dr. Conklin’s extemporaneous 
summary of current trends in philosoph 
ical biology was a masterpiece of clarity 
and simplicity. 

Here in the shadows of the dense red- 
wood forest, to the accompaniment of the 
murmuring of a mountain brook and 
with passages of sharp controversial de 
bate puctuated by vivid pencils of sun 
light filtering through the lofty treetops, 
we found the ideal Little Academy. In 
an impressive natural setting whose ma- 
jestic proportions favor an attitude of 
becoming humility and reverence this in- 
formal seminar seemed to the fortunate 
guests to approach perfection in spirit 
and method. 


PHYSICS AND INVENTION 


By Dr. C. F. HAGENOW 
ASSOCIATE PROFESSOR OF PHYSICS, WASHINGTON UNIVERSITY, ST. LOUIS 


A GENTLEMAN of my acquaintance, 
eminent in his profession, once asked 
me; ‘‘What are physies?’’ It was by 
no means an isolated instance; I have 
often been asked this question, though 
usually not in this singular (or should 
we say plural?) manner. 

What is physics? One of our great 
American physicists, Henry A. Row- 
land, defined it as the ‘‘science above all 
other sciences, which deals with the foun- 
dations of the universe, with the consti- 
tution of matter from which everything 
in the universe is made, and with the 
ether of space by which alone the various 
portions of matter forming the universe 
affect each other.’’ No doubt the chem- 
ist will object to this statement as being 
altogether too inclusive. It is always 
a matter of humorous debate whether 
chemistry is a branch of physics, or 
physics a branch of chemistry. Regard- 
ing the matter from a practical stand- 
point, physies ean truly be said to be the 
basis of most engineering. A single dis- 
covery in electricity by a physicist has 
made possible our huge electrical indus- 
try, and everything that has to do with 
mechanics, heat, sound and light is at 
bottom a problem in physics. 

Perhaps the chief reason why the 
question: ‘‘What is physies?’’ is asked 
more often than ‘‘ What is chemistry ?’’ 
or ‘‘What is zoology?’’ is to be found 
in the word itself. This goes back to 
Aristotle, who used the word physics to 
include the study of all inanimate 
nature. It does not lend itself to varia- 
tions as familiar as ‘‘chemical’’ and the 
’ The older term for physics, viz., 
‘‘natural philosophy,’’ is searcely more 
suggestive. The adjective form of phys- 
ics is ‘‘physical,’’ and this word, unfor- 
tunately, has a number of other mean- 
ings unconnected with the subject of 
physics. Physical education does not 
mean education in physics, nor are phys- 


** 700.’ 


ical exercises experiments in physies 
An amusing instance of confusing 
two meanings occurs in a large and 
portant German work on physics 
which the authors interpret the s! 
ment ‘‘physical exercises for child 
under seven years of age’’ as signif) 
exercises in physics for these chil 

A physical laboratory is, therefore 
place for physical exercises! 

I believe that physicists, and poss 
many of my readers, are getting s 
what bored with the oft-told stor 
Franklin’s rejoinder to the perem 
question, ‘‘ What is the use of this?’’, s 
often asked concerning a piece of 
search that has no obvious pract 
application. But the question seems t 
be exceedingly long-lived. Faraday’s 
reply to Gladstone is very much to the 
point and has also been often repeated 
It may not be entirely a work of su; 
erogation to give it again as especiall 
relevant to this article. On being asked 
the usual question as to the practical 
value of the device he was showing Glad 
stone, Faraday very significantly re- 
plied: ‘‘Some day you will be able 1 
tax it.’’ 

Here is an original story the reader 
has probably not yet heard. A student 
once made this startling announcement 
in the course of a discussion on th 
attributes and comparative merits of 
scientists and inventors. Said he: ‘‘The 
inventor uses his brains, the scientist 
finds out things by accident.’’ Rather 
hard on the poor scientist! Now it is 4 
fact that accident does sometimes enter 
in; the really vicious thing about this 
slip-shod verdict of many people on this 
phase of the subject is that they utter!) 
fail to take into account what I may cal! 
the ‘‘setting’’ of this event. This 1s 
another illustration of a dangerous half- 
truth. Just one example will make this 
clear. Consider the discovery of x-rays 
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by Réntgen in 1895. It was briefly as 
follows. Working with a vacuum dis- 
eharge tube, covered with black paper, 
Réntgen found that a fluorescent screen, 
located at some distance from the tube, 
became luminous when the tube was in 
operation. Evidently, under the condi- 
tions of the experiment, this could not 
be due to visible light. Then he found 
that this same invisible radiation could 
penetrate thick books, wood and thin 
sheets of metal. Now consider the two 
elements that made this accident pos- 
sible. First, Roéntgen was pursuing 
studies on the electric discharge in vacuo 
that were begun about forty years before 
and had been developed by a number of 
investigators, notably by Lenard and 
Crookes. Secondly, Réntgen did not fail 
to take note of the new phenomenon; it 
might have (and probably had) escaped 
hundreds. There was required, then, 
the presence of an experienced and 
trained investigator. Pasteur said: 
“Chance favors only the prepared 
mind.’’ The reader will agree that here 
was a truly elaborate setting for this 
“‘aecident.’’ 

I must point out at once that the terms 
scientist and inventor are of course not 
mutually exclusive ; many men have been 
eminent in both fields. But I wish to 
draw a distinction, for the purpose of 
this article, between the research worker 
in physics and the inventor who does 
not discover the physical phenomenon 
that he applies to his invention. It is 
perhaps unavoidable that the public 
should first become acquainted with cer- 
tain physical phenomena through their 
successful applications in everyday life, 
i.¢., through the inventions. But it is at 
once surprising and disheartening to 
realize what misconceptions otherwise 
well-informed persons have concerning 
this relation of invention to research. 
Now it is quite correct to say, for ex- 
ample, that S. F. B. Morse invented the 
electric telegraph, if we mean by that 
that he devised a specific, practical appli- 
cation of a principle already known and 


used before him. 


physi 
in Germany 


such eminent 
Weber 
magnetic telegraph, 
ily for telegraphic 
receiving instrument 


the reflecting galvan 
telegraphy. 
Henry, also, devised an electric 

ling apparatus that rang a bell th 


In this countr 


Henry never 


nowledging Mor 


more than a mile of 
filed a patent. In ack 
as the inventor of the telegraph, kn 
by that name, he recorded a numb 

his claims, among which I shall ment 


wire. 


only one, which many readers will reco 


nize as the principle of the operatix 
the modern telegraphic sounder. Quot- 
ing Henry, ‘‘I was the first to actually 
magnetize a piece of iron at a distance, 
and to call attention to the fact of th 
application of my 
telegraph.’’ 

Now some one may wish to interject 
a remark something this: ‘‘But 
Gauss and Weber did not invent a prac 
tical and commercially 
That is true, and I may add that they 
were probably neither interested nor, 
perhaps, particularly capable of doing 
incidentally, did 
others to simplify and render more prac 
tical this apparatus. I doubt if 
day, who discovered the principle on 
which our entire electrical power indus- 
try is based, could have been induced to 
desist from his researches to develop the 
essential principle of induced currents 
Strange as it may seem to many a prac- 
tical man, the pecuniary advantages of 
such an undertaking would have been 
among the least There 
have been and are such people. Pasteur, 
who certainly can not be accused of hav- 
ing contributed nothing useful to so- 
ciety, said to his students: ‘‘ Your busi- 
ness, your especial business, must be to 
have nothing in common with those 
narrow minds which despise everything 
in science which has not immediate appli- 
eation.”” Dr. Abraham Flexner made 


experiments to the 


like 


usable device.’ 


so. Gauss, request 


Fara- 


inducements. 
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what may seem to many a rather harsh 
comment on the common notion of a 
great ‘‘scientist.’’ When he asked 
George Eastman, who in his estimation 
was the most useful worker in science in 
the world, Mr. Eastman replied: ‘‘ Mar- 
eoni.’’ Dr. Flexner surprised (and 
probably shocked) him by saying: 
‘*Whatever pleasure we derive from the 
radio or however wireless and the radio 
may have added to human life, Marconi’s 
share was practically negligible.’’ What 
Dr. Flexner meant, of course, was the 
fact that the theory of electromagnetic 
waves (and a bold theory it was!) was 
worked out by Clerk Maxwell about 1866 
and brilliantly confirmed in 1887 by the 
epoch-making experiments of Hertz. It 
was then that the inventor stepped in. 
The wireless waves, methods of produc- 
ing and detecting them (all very primi- 
tive, it is true) were there, and it re- 
mained for the ingenuity and inventive 
skill of Marconi and many others to 
develop the system of communication 
and broadcasting as we know it. I 
realize that this is stating the case in 
the broadest outlines only. It is scarcely 
necessary to add that this development 
involved many discoveries and elabora- 
tions concerning which one might have 
some difficulty in always distinguishing 
between the results of ‘‘pure science’’ 
and those of ‘‘invention.’’ A curious bit 
of physies history is that of a discovery 
of Edison in the late seventies. It is 
still known as the ‘‘Edison effect,’’ the 
explantion of which was not forthcoming 
for many years. It illustrates the prin- 
ciple of the two-electrode radio tube, or 
diode, often used as a rectifying detec- 
tor. Adding a third electrode, the grid, 
a stroke of genius by Lee De Forest, gave 
us our modern radio tube. Now more 


oe 


electrodes have been added and we have 
the screen-grid tube, the pentode and 
others. 

How many persons know the names of 
the prominent physicists among the 
allied nations who, during the world war, 
helped to solve the problem of submarine 


detection? As Rutherford said, it was a 
problem of physics, pure and simple. |; 
was not a problem of engineering a; 
first. The most successful detector was 
a modification, by our physicists, of 4 
French device. The credit seems +, 
belong chiefly to Langevin, in France 
and to Mason in this country. There 
were many other contributions by 
American physicists. For example, P 
system of signalling by infra-red rays 
developed by Theodore Cross; another 
system, using ultra-violet light, by Rob- 
ert Wood. There was a leak-proof gaso. 
line tank; a new range finder due to 
Michelson. A method of locating the 
enemy’s guns by sound plotting was 
devised and used with great success 
Remarkable improvements in aerial pho- 
tography, through the agency of color 
filters, increased the visibility and the 
power of detecting camouflage. Many 
more of such instances could be cited. 
It is to be noted that the problems 
just mentioned were solved by men wh 
had no special knowledge of many of the 
engineering and practical features of the 
matters concerned. It was much more 
to the purpose that they had a funda- 
mental knowledge of the principles in- 
volved and the trained minds to appl) 
those principles. I am reminded of th: 
remark of a friend of mine who had just 
been offered and had accepted a very 
fine position with the American Bell 
Telephone Company. ‘‘I do not know 
anything about telephones,’’ he told me 
But he knew the physics and mathe- 
maties of electricity, mechanics and 
sound, which was just what was wanted 
There were plenty of men who knew al 
about the telephone as it was then used 
Poincaré remarks: 


One has only to open one’s eyes to see that 
the triumphs of industry which have enriched 
so many practical men would never have seen 
the light if only these practical men had existed 
and if they had not been preceded by disinter 
ested fools who died poor, who never thought 
of the useful, and yet had a guide that was no! 
their own caprice. .. . 


No one needs to be told of the intensely 
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practical benefits to humanity resulting 
from the work of Pasteur, whose admoni- 
tion to his students has already been 
quoted. According to Thomas Henry 
Huxley, Pasteur saved France a sum 
equal to the total war indemnity of 
1870-1871. It was also Huxley who 
remarked : 

I weigh my words when I say that if the 
nation could purchase a potential Watt, or Davy, 
or Faraday, at the cost of a hundred thousand 
pounds down he would be dirt-cheap at the 
money. It is a mere commonplace and every- 
day piece of knowledge that what these men did 
has produced untold millions of wealth, in the 
narrowest economical sense of the word. 


After one has learned the economic 
value of only a single discovery of Fara- 
day he will agree that Huxley’s estimate 
is far too modest. 

Coming to the present, here is an 
evaluation of a particular research prob- 
lem in actual money. Dr. William D. 
Coolidge, director of the research labora- 
tory of the General Electric Company, 
made the following statement about a 
year ago, before the Temporary National 
Economie Committee : 

If the light used in 1938 had been provided 
by the lamps of 1900, with the electric power 
rates of 1900, the cost would have exceeded that 
of 1938 by over $10,000,000,000, or about 
$30,000,000 per day. Of course the public 
would get along with less light, for they could 
not have afforded such a lighting bill. What 
that would have meant in reduced safety and 
efficiency in industry, in reduced safety on 
streets and highways, and reduced comfort and 
convenience in the home can not be evaluated 
in dollars. 


A good example of a very important 
physical phenomenon which seemed at 
first to have no conceivable practical use 
is the photoelectric effect, viz., the emis- 
sion of electrons from the surface of 
many elements when they are illumi- 
nated by light. This photoelectricity is 
responsible for the sound production in 
our talkies. This phenomenon is also 
the basis of the photoelectric eye and a 
score of other useful devices. The 
spread in time between discovery and its 
application is becoming shorter and 


shorter. Very recently the study of the 
structure of the atom by the cyclotron 
has led to a means of creating artificial 
radioactivity, which is used in hospitals 
when some kind of radium treatment is 
indicated. We are now hearing rumors 
of fantastic amounts of power that may 
be derived from the splitting of a certain 
uranium atom. It is safe to say that 
almost any discovery in physics will 
some time prove to be of practical use, 
but do not expect the experimentalist to 
justify his efforts by pointing it out in 
advance. 

Sir W. H. Bragg has expressed him- 
self on this general subject so beautifully 
that I am sure it is very worth while 
quoting him here. He says: 

It is simple and fascinating to suppose that 
a new invention is found as complete and clean 
as a nugget of gold, as unexpected and as un 
connected with its surroundings, and finally as 
readily convertible into cash. The truth is dif 
ferent. Science does not increase by the con 
stant addition of new facts to old, as a museum 
collection increases by the addition of new speci 
mens. Science grows like a tree which shoots 
out new branches continually, and at the same 
time strengthens the old; twigs become boughs 
and boughs become great stems, while the tree 
is always growing higher and higher into the 
light and more firmly based below. 
like a tree also in this, that both need wise cul 
tivation. The nourishment of the tree, its 


Science is 


training, and its pruning, have their true coun 
terparts in the development of science, and in 
both cases the fruit comes as the reward of skill 
and labor. This is the thing so hard to under 
stand and yet is so important. The fruits of 
science are first seen when they are brought to 
market, and it is vaguely supposed that they 
have been picked up somewhere and somehow in 
the condition in which they appear. Perhaps 
they were made by the man who carries the 
basket. It is not realized that the fruit comes 
at the end of a long process, and that even a 
little application of science may be the result of 
many years of unseen growth and labor. 
Sometimes the priority of the research 
worker is not only not acknowledged, but 
he is even accused of lagging behind the 
inventor in his knowledge of nature 
The scientific man is thus represented as 
extremely conservative, not to say an 
‘told fogy’’ and is described as being 
brought to grief by the more enterpris- 
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ing inventor. A magazine article of 
some years ago is a case in point. It 
may be of interest to give this material 
in some detail, as it is so typical of that 
kind of disparagement. The article in 
question had to do with Edison’s work 
on the incandescent lamp. Here I might 
remark that Edison’s wonderful and 
monumental achievement in perfecting 
this lamp is a good illustration of a case 
where the inventor merits the lion’s 
share of the credit. The pure physics 
of the phenomenon of a thin filament 
being heated to incandescence by an 
electric current does not loom very large 
in comparison. 

I shall consider only one item in this 
article, but it will serve to illustrate the 
method of the writer, who made a naive 
and perfectly superfluous attempt to add 
to the glory of one of the greatest inven- 
tors of all time, Thomas Alva Edison. 
This author claimed to show that certain 
high authorities in electrical science did 
not understand the laws of divided cur- 
As is so often the case when 
are used to prove a point, 
everything is omitted which is at all 
unweleome to the writer’s purpose. 
Here is the quotation, as given in the 
article in question, taken from Tyndall’s 
essay on ‘‘The Electric Light.’’ 

I believe I am credited with knowing some- 
thing of the intricacy of the practical problem 
involved, and the most that I can say in answer 


is that I should certainly prefer to have it in 
his [Edison’s}] hands than mine. 


rents. 
quotations 


Now as to Tyndall’s own discussion of 
the subject, which is quite conclusive. 
After taking the greatest pains to ex- 
plain the distribution of the current 
from the mains to the consumer and back 
again to the source (according to laws 
known years before) Tyndall goes on to 
Say: 

This, if I understand aright, is Mr. Edison’s 
proposed mode of illumination. The electric 
force is at hand. Metals sufficiently refractory 
to bear being raised to vivid incandescence are 
also at hand. The principles which regulate the 
division of the current and the development of 
its light and heat are perfectly well known. 
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There is no room for discovery, in the scientif 
sense of the term, but there is ample r 

the exercise of the mechanical ingenuity w) 
has given us the sewing machine and so 
other useful inventions. Knowing something 
the intricacy of the problem, I should cert 
prefer seeing it in Mr, Edison’s hands to |! 

it in mine. 

As against this style of biograp! 
writing note the following from Lucien 
Poincaré : 

It would be a delicate and also a rat 
peurile task to class men of genius in the o: 
of merit. The merit of an inventor like Ediso; 
and that of a theorist like Clerk Maxwell ha 
no common measure, and mankind is indebt 
for its great progress to the one as much as t 
the other. 

Wilbur and Orville Wright expressed 
their indebtedness to Langley in the fo! 
lowing words: 

The knowledge that the head of the most 
prominent scientific institution of America |} 
lieved in the possibility of human flight was « 
of the influences that led us to undertake t! 
preliminary investigations that precede act 
work. [Professor Langley was secretary of tl: 
Smithsonian Institution.] He recommended 
us the books which enabled us to form sane id 
at the outset. It was a helping hand at a cr 
cal time, and we shall always be grateful. 


Langley did pioneer work in theory 
and experiment at a time when a man 
was ridiculed for his pains. Langley’s 
power-driven model flew for one and a 
half minutes, until the fuel was ex- 
hausted. The distance was a little over 
a mile. He thus established the poss’- 
bility of free dynamic flight. Another 
machine of his, which failed spectacu- 
larly at the first trial, made a flight with 
a pilot after Langley’s death. It is diffi- 
cult to realize that in our lifetime popu- 
lar derision could stop the investigations 
of a man of such scientific attainments 
as were Langley’s. The reader may re- 
eall a recent statement by Lindbergh, 
who said that one of the important needs 
of aviation was research in that field. 

The student of the mathematica! and 
physical sciences has sometimes been 
reproached for devoting his talents and 
energy to purely abstract enterprises 
when such talents and energy could be 
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much better employed for more pressing 
and important problems, such as may be 
designated broadly as social problems. 
This phase of the subject can be best 
introduced by a remark by a prominent 
person along this very line. I do not 
remember the exact words, but I do 
remember very distinctly that he dis- 
paraged the undue attention paid to 
what he called cold mathematics. Now 
your radio waves were once only the cold 
mathematical equations of Maxwell. Do 
you remember that you once learned in 
your algebra course that the square of 
any number, positive or negative, was 
always positive? In the inverse opera- 
tion, the square root of a positive number 
may be either positive or negative. So 
far there was no way of extracting the 
Quite a 
what 


square of a negative number. 
while ago some one wondered 
would happen if you assumed that you 
eould do this also. What sort of a num- 
ber would result? You know the pure 
mathematician has no regard for reali- 
ties. So in spite of the fact that it was 
‘“‘impossible’’ to extract the square root 
of a negative number and get a ‘‘real’’ 
number, the operation was assumed pos- 
sible and the resulting number was 
ealled an ‘“‘imaginary number.’’ This 
name has persisted to this day, though 
the number is no more imaginary when 
properly used than is a common fraction. 
Now this ‘‘imaginary’’ number has 
proved to be of the greatest importance 
in the thoroughly practical business of 
alternating current engineering. The 
symbol for the square root of minus one 
is the letter i, though the electrical engi- 
neer prefers 7. The gentleman who 
complained of the frigidity of mathe- 
matics probably did not realize that his 
house lighting, and all the benefits he 
enjoyed from the convenience of the 
electrical industry, with all its social im- 
plications, were all greatly advanced by 
this once impossible number, the square 
root of minus one. 

An amusing illustration of the utter 
incapacity of a certain book reviewer 


| to evaluate physics as a factor in society 


occurred during the World War. Dr 
Millikan was publishing his book ‘‘The 
Electron,’’ not long after his fam 
researches on the isolation and exact 
measurement of the charge of the ele 
tron. To a certain reviewer this book, 
dealing with such a tiny thing as the 
electron, 
world war, seemed so incongruous tha 


appearing at the time of a 


it strained his vocabulary to do justice 


to the occasion. It is impossible to quote 


him now, but he played up on the con- 
trast, quite ludicrous to him, between 


the world-war violence (the crashing of 


worlds, as he called it) and the odd 
spectacle of a man being really seriousl) 
interested in such an insignificant thing 
This electron, by the 


way, was quite a busy sort of a particle 


as an electron 


even at that time. Since then it has 
enlarged its scope of activity enor- 
mously. Just a few months ago, Sir 


William Bragg, one of England’s great- 
est physicists, in an address as president 
before the Royal Society, said: ‘‘It is 
not universally nor even sufficiently un- 
derstood how important natural know!l- 
edge has become. It is true that in a 
vague way the nation is brought by the 
happenings of war to guess at the mean- 
ing of scientific research in every kind 
of enterprise. But still it would be diffi- 
cult for most people to grasp the sig- 
nificance, much less the meaning of the 
description of a fact like this: that the 
R. A. F. could not carry out its opera- 
tions without the knowledge resulting 
from the study of cathode-rays and elec- 
trons made by our physicists, which is 
equivalent to saying that by this time 
we might well have lost the war.’’ A 
rather good showing for these extremely 
unassuming tiny particles! For the 
benefit of those readers who may have 
forgotten the fact, these cathode-rays 
are themselves simply streams of elec- 
trons. 

This reference to application of the 
knowledge of the nature and behavior 
of electrons is only one of many that 
could be cited to illustrate the need and 
importance of basic research in physics. 











HEREDITY AND TWINS 


By Dr. DAVID C. RIFE 
DEPARTMENT OF ZOOLOGY AND ENTOMOLOGY, THE OHIO STATE UNIVERSITY 


THE value of twins as scientific mate- 
rial was recognized by Francis Galton, 
over half a century ago. In his book 
*‘Inquiries into Human Faculty’’ Gal- 
ton tells of sending questionnaires to 
twins and near relatives of twins. He 
received returns in regard to thirty-five 
pairs, described as ‘‘extremely similar,’’ 
and twenty pairs of extremely dissimilar 
twins. The members of the similar pairs 
were described as having almost identi- 
eal hair and eye color, and about the 
same stature, weight and strength. Nine 
incidents were recorded of one member 
of a pair seeing his or her reflection in 
a mirror, and speaking to it in the belief 
it was the other member of the pair. 
Finger abnormalities were encountered 
in both members of three pairs, and nine 
pairs showed great similarity within 
pairs in regard to the onset and severity 
of illnesses. The following story is re- 
lated in regard to one pair: ‘‘A was 
again coming home from India, on 
leave; the ship did not arrive for some 
days after it was due; twin B had come 
up from his quarters to receive,A, and 
their old mother was very nervous. One 
morning A rushed in saying ‘O mother, 
how are you?’ Her answer was, ‘No, B, 
it’s a bad joke. You know how anxious 
I am!’ and it was a long time before A 
could persuade her he was the real 
man.’’ 

The twenty dissimilar pairs, although 
reared together, showed great dissimi- 
larities in size, general appearance, 
health and disposition. No one would 
suspect the members of these pairs as 
being even related. 

Since Galton’s time numerous investi- 
gators have worked with twins, and 
scientists have come to recognize that 


the study of twins is one of our mos 
valuable tools in seeking to unrave! t}, 
interplay of heredity and environmen: 
in bringing about human variation. |; 
recent years extensive twin data hay 
been obtained by workers in German) 
Russia, England, Japan and the United 
States. 


THE TWO TYPES OF TWINS 

While of necessity circumstantial, th 
evidence is now convincing that identi- 
eal twins and other identical multi; 
births consist of individuals who origi. 
nated from the same fertilized egg cel! 
or zygote. Fraternal twins arise fro: 
two different eggs fertilized by different 
sperms. Many years ago it was believed 
that identical twins arose from the fer- 
tilization of a single egg by two sperms 
or ‘‘double fertilization.’’ Our present 
day evidence, as we shall presently point 
out, gives no support to this idea. 

Evidences of the two types of twins 
are obtained from both biological and 
statistical data. The occurrence 
Siamese twins is analogous to the o 
sional appearance of double and con- 
joined individuals among lower forms 
Direct observation of the various devel- 
opmental stages is possible in many of 
these, and it has been shown that the) 
invariably arise from a single fertilized 
ovum. Such double individuals ar 
simply twins who have not completel) 
separated. The nine-banded Texas ar- 
madillo almost invariably gives birt! 
to quadruplets, always of the same sex 
Studies of the embryos at various stages 
of development have revealed that th: 
members of a set arise from the same 
zygote. This single zygote develops 
until about the peroid of gastrulation 
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before any separation occurs. At that 
time the embryo, which consists of a 
hollow sphere of cells, infolds, some- 
thing like taking a hollow rubber ball 
and caving one side in. The embryo, at 
about this time, splits in two, and 
shortly thereafter the two daughter 
embryos again split, resulting in four 
individuals. The embryology of the 
armadillo is similar to that of man, and 
it is assumed that the formation of hu- 
man identical twins occurs in much the 
same way. Of course, in the formation 
of twins, only one division occurs. If 
two successive divisions should occur, 
as in the armadillo, and one of the four 
daughter embryos again split, identical 
quintuplets would be formed. This is 
apparently the manner in which the 
Dionne quintuplets were formed. If an 
embryo should divide once and one of 
the daughter embryos divide again, 
identical triplets would be formed. 

The human embryo is surrounded by 
two membranes, the amnion and the 
chorion. Twins of opposite sex, so far 
as has been recorded, are enclosed within 
separate chorions, and are called di- 
chorionic. Like-sexed twins are some- 
times dichorionic, and sometimes mono- 
chorionic, that is, both are enclosed in 
the same chorion. We should expect 
twins derived from the same zygote to 


be monochorionic, unless separation 
should occur after formation of the 
membrane. Likewise, we should expect 


fraternal twins to be dichorionies. More- 
over, as males and females differ in their 
chromosomal makeup, we should expect 
identical twins to be like-sexed and fra- 
ternal twins to be in some cases unlike- 
sexed and in others like-sexed. The 
observations that monochorionie twins 
are like-sexed and that dichorionic twins 
are in some cases of the same sex and in 
others of the opposite sex are in harmony 
with what we might predict. 

The statistical evidences are even 
more convincing than the biological evi- 
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dence. Sex in man is determined at the 


time of fertilization. If the egg is fer- 
tilized by a sperm bearing the X chromo- 
some the new individual will be a girl, 
whereas if it is fertilized by a sperm 
bearing a Y chromosome, it will be a 
boy. As X-bearing and Y-bearing 
sperms are produced in equal numbers, 
the chances are 
that any particular child will be a boy or 
a girl. Thus if all twins were fraternal 
we should expect to approxi- 
mately equal numbers of like- and of 
unlike-sexed pairs. It is similar to the 
fact if we were to toss two pennies simul- 
taneously, we should expect 2 tails one- 
quarter of the time, 2 heads one-quarter 
of the time, and a head and a tail one- 
half of the time. But the ratio of like- 
sexed to unlike-sexed twins is 
nearly of the order of 2 to 1, rather than 
1tol. The excess of like-sexed pairs in 
the total twin 
expected if a sizable percentage is iden- 
tical. 

The blood groups and the M and N 
blood reactions are inherited in a simple, 
clear-cut manner. As we know the exact 
modes of their inheritance and the fre- 


approximately equal 


obtain 


more 


population is to be 


quencies of the genes involved, it is pos- 
sible to calculate how frequently sib 
pairs should be alike in both blood reac- 
tions. As fraternal twins have the same 
degree of genetic similarity as brothers 
them to 


concor- 


and sisters, we should expect 
show the percentage of 
dance within pairs in the blood reactions 
as exhibited by sibs. Identical twins 
arise from the same zygotes, the mem- 
bers of each pair have the same heredity, 
and they should therefore show concor- 
dance in the blood groups. Hundreds 
of pairs of twins assumed to be almost 
certainly identical, on the basis of gen- 
eral similarities, have shown 
dance in blood groups without excep- 
tion. On the other hand, fraternal twins 
should show the same degree of intra- 
pair variation in the blood reactions as 


Same 


concor- 
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found among brothers and sisters. Table 
I shows the results of the blood tests of 
twins investigated at two twin conven- 
tions. 


TABLE I 


INTRA-PAIR COMPARISONS OF BLOOD GROUPS AND 
THE M AND N REACTION IN TWINS 


Assumedly Assumedly 
Identical Fraternal 
Calcu Ob Caleu- Ob 
lated served lated served 
Alike .. 106 106 27.3 28 
Unlike . 0 0 42.7 42 
Total .. 106 106 70.0 70 


Identical twins show concordance in 
the appearance of clear-cut hereditary 
traits, such as color-blindness, hemo- 
philia, albinism, baldness, polydactylism 
and syndactylism. The evidence is thus 
conclusive that identical twins have the 
same heredity, and are of monozygotic 
origin. If the old belief that identical 
twins were the result of double-fertiliza- 
tion of an ovum were correct, we should 
expect to find some degree of intra-pair 
variation in identical twins in the blood 
groups, the M and N reaction and other 
hereditary traits. This does not, of 
course, exclude the possibility that there 
may be a very small percentage of twins 
which arises by some third process, such 
as the double fertilization of an ovum, 
but there is no positive evidence that 
such a thing occurs. 


DIAGNOSIS 


Opposite-sexed twins are obviously 
fraternal. Likewise, twins showing 
marked intra-pair differences in fea- 
tures, body build, pigmentation, distri- 
bution of hair over the body, and head 
and ear shape may readily be classified 
as fraternal. If none of these charac- 
teristics shows enough difference to be 
conclusive, blood samples may be ana- 
lyzed for grouping and M and N reac- 
tion. About 62 per cent. of fraternal 
twins (among North American whites) 


will show some sort of intra-pair viria- 
tion. In case the twins in question s! 
the same blood reactions, the palm 
finger-prints may be compared. If the 
intra-pair similarities are greater than 
the similarities of the two hands 
either individual, the odds are about 19 
to 1 that the twins are identical. Data 
concerning the fetal membranes at birth, 
that is, whether monochorionie or di- 
chorionic, will give further evidence of 
zygosity. If dichorionic they are pro! 
ably fraternal, and if monochorion 
they are probably identical. This type 
of evidence is not completely conclusive 
as there is good reason to believe that 
the separate chorions of fraternal twins 
may, in rare instances, fuse into one 
Also, if identical twins should separat 
prior to the formation of the chorio: 
they would be dichorionie. 

While it is possible, on the basis 
any one of several criteria to positively 
recognize many twins as fraternal, there 
is no way to absolutely prove that the 
members of any particular pair are 
identical. We can, however, be reason- 
ably sure that twins so similar as to be 
classed by relatives and friends as iden- 
tical are actually derived from the same 
egg. This seems amply borne out by 
the fact that such pairs invariably have 
turned out to belong to the same blood 
groups and types. There is an occa- 
sional pair of like-sexed twins, perhaps 
one out of twenty pairs, where doubt 
may at first exist as to mode of origin 
If none of the criteria we have men- 
tioned indicates them to be fraternal, 
the odds are hundreds to one that they 
would not be so similar in all respects, 
unless they were derived from the same 
zygote. 

In studies of approximately five hun- 
dred pairs of twins we have encountered 
five pairs concerning which serious doubt 
existed at first in regard to manner of 
origin. All were later demonstrated to 
be fraternal, three pairs on the basis of 
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intra-pair differences in the M and N 
reactions, one pair on the basis of great 
differences in the palm and finger-prints 
and the other pair on the basis of data 
revealing them to be dichorionic, and to 
have also had noticeable differences in 
hair and eye color at an earlier age. 


HANDEDNESS 


Left-handedness occurs more fre- 
quently in both types of twins than in 
the single born. About 7 per cent. of 
the single-born are left-handed, and close 
to fifteen per cent. of both types of twins. 
The higher percentage in both types of 
twins is principally accounted for by the 
large number of pairs composed of a 
right-hander and a left-hander. It was 
formerly believed that the high per- 
centage of pairs showing differences in 
handedness was due to the fact that some 
pairs separated later in embryological 
development than did others. Those 
separating after the primordia determin- 
ing the handedness of the individual had 
been established would consist of a right- 
hander and a left-hander, and would 
tend to be mirror-images of each other. 
They would be less similar in various 
respects than twins separating earlier in 
development, differing as do the right 
and left sides of a single individual. It 
was assumed that the high percentage of 
fraternal twins showing differences in 
handedness was partially due to too rigid 
a classification of identical twins, and 
the diagnosis of less similar identical 
twins as fraternal. According to that 
hypothesis, the less similar ones would 
include a high percentage of pairs com- 
prising a right-hander and a left-hander. 

Later work has shown the above hy- 
pothesis to be untenable. As pointed 
out above, in our own investigations 
doubtful eases have invariably turned 
out to be fraternal. Moreover, of the 
five cases later shown to be fraternal, 
three pairs consisted of a right-hander 
and a left-hander. There is no question 
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but that left-handedness occurs with 
about the same frequency in fri il 
as in identical twins Obviously, an 
asymmetry mechanism or mirror-imag 


ing can not explain the phenomenon in 
The explanation must 
lie in something which both 


fraternal twins 
types of 
twins have in common, as contrasted with 
the single born. In all probability con 
ditions before birth, peculiar to twins, 
such as crowding and position in the 
uterus must be responsible 
Investigations have shown that twins 
showing intra-pair differences in hand 
edness are about twice as likely to have 
left-handers among their immediate rela 
tives as are pairs consisting of two right 
handers (Table I] 


This would seem to 


rABLE Il 
‘ ELA N OF HIANDE S FT N \ Hi 
ED) 5 Re! 
Identical Fr l 
Twins Iw 
R-R R-L R-R R-I 
Without left-handed 
relatives - 105 25 S4 12 
With left-handed 
relatives .. see 26 22 16 15 
> 100 27 


indicate that right-handed pairs are more 
strongly inclined towards right-handed- 
ness by hereditary make-up than are 
those pairs showing differences in hand- 
In other words, the handedness 
of twins is determined both by genetic 
make-up and by conditions before birth. 
The effectiveness of conditions in utero 
in determining handedness depends to a 
large extent upon the genotype of the 
twins. 


ed ness. 


THe Twin Metuop or Researcu 

Several scientists have made use of 
twins in investigations of heredity and 
in 1936 an important investi- 
gation of tuberculosis in twins was com- 
pleted by Diehl and von: Verschuer of 
Germany. As shown in Table II, about 
25 per cent. of fraternal twins and 80 


disease. 








TABLE III 
CONCORDANCE IN INCIDENCE OF TUBERCULOSIS* 





Number 


Concor- 
dance of Pairs 
Identical ...... 80 per cent. 80 
Fraternal...... —- = 116 


* Karl Diehl and O. F. v. Verschuer. Zwilling- 
stuberkulose II. Jena, verlag von Gustav Fischer. 
1936 





per cent. of identical twins showed con- 
cordance in the incidence of the disease. 
By concordant pairs we mean those in 
which both members were affected, and 
by discordant those pairs in which only 
one member showed the condition. Any 
discordance within identical twins can 
not be due to heredity, and must there- 
fore be ascribed to environment. Fra- 
ternal twins receive, on the average, half 
of the same hereditary material, and 
their greater discordance, as compared 
with the identicals, is assumed to be due 
to hereditary differences. Let us use A 
to symbolize the part played by heredity, 
C concordant pairs, D discordant pairs, 
i identical and f fraternal twins. The 
part played by heredity in bringing 
about variation in fraternal twins may be 
estimated as follows: Ay == & Ac- 
f 
cordingly, about 73 per cent. of the varia- 
tions in fraternal twins in regard to the 
incidence of tuberculosis may be consid- 
ered to be due to genetic factors. Table 
IV summarizes the results of various 


TABLE IV 
CONCORDANCE OF TWINS FOR SEVERAL TRAITS 

















Identical Fraternal 

S D c D 

Cote Gimme . cc cccce 27 2 15 17 
Cheek dimple ....... 18 5 15 8 
Eye epicanthus ..... 14 0 4 6 
Whooping cough .... 96 4 63 13 
EEEEEED cccesvcccces 24 15 0 6 
Dn sacbeeseoes 179 10 127 19 
eee 20 2 6 20 
CE scxevosesess 29 24 13 22 
DT sasceccsses 32 21 4 12: 
Schizophrenia ...... 28 13 15 86 
MED #cdncdeeveoes 45 21 32 52 





studies of concordance and discordance 
in twins. 
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It is hazardous to draw sweeping con- 
clusions regarding the relative potencies 
of heredity and environment on the so}; 
basis of twin data. Twins of both types 
differ from the single born in having a 
unique prenatal environment. Position 
in the uterus, crowding, imbalance of the 
blood supply and more difficult cireum- 
stances at birth appear to play important 
parts in the determination of some traits. 

The post-natal environment of frater- 
nal twins reared together is more similar 
than that of sibs reared together. They 
are contemporaries, go to the same 
school, have the same teachers and play- 
mates, and share more experiences. The 
importance of this type of environmental! 
difference varies, depending upon the 
trait in question. For most physical 
traits and disease resistance, there is 
little reason to suppose it is important 
It should not be overlooked, however, in 
the investigation of intelligence and per- 
sonality traits. As fraternal twins and 
sibs have, on the average, the same degree 
of genetic similarity, differences in the 
degree of concordance for any traits 
must be due to environmental factors 
Let us allow B to represent such environ- 
mental differences and s to represent sibs 
Then B, = (C;—C,)/Ds. 

Unfortunately, investigations usually 
include only data from the two types of 
twins, and none concerning sibs. When 
sib comparisons are included, the value 
of the data is greatly enhanced. This is 
well illustrated by the data on feeble- 
mindedness in twins and sibs, collected 
by Rosanoff et al., shown in Table V. 


TABLE V 


CONCORDANCE AND DISCORDANCE IN TWINS AND 
PAIRED SIBS FOR MENTAL DEFICIENCY. 
Data TAKEN FROM ROSANOFF* 








No.Con- No. Dis- Per Cent 





Concor 

cordant cordant dance 

Identical Twins ... 115 11 90.9 
Fraternal Twins ... 128 112 46.6 
PEED cchenscce 716 142 16.5 





* A. J. Rosanoff, L. M. Handy and Isabel Rosan- 
off Plesset. Psychological Monographs 216, 1937, 
Psychological Review Company, Princeton, N. J. 








ing 


+ 1] 
LVL 


to 

two 
trai 
trai 
sho’ 
trea 
pail 
subs 
(r;- 


N 
cent 
tain 
trai 
real 
twit 
iden 
sho 
dete 
in e 
of i 
iden 
for. 
viro 

















The part played by heredity in bring- 
ing variation may be estimated by the 


following formula: 
C,-C, C;r-Cs 
4.=-p, ~~ D, 

Thus, about 54 per cent. of the va- 
riation in sibs in respect to mental 
deficiency may be attributed to he- 
redity. But suppose no sib data were 
included. Then we should have to rely 
on twin data, and using the formula 
A,= (0; -C,)/D; we should find Ay; to 
equal 82.7 per cent. Or, suppose the 
data included only identical twins and 
sibs, then we should have to estimate the 
part played by heredity on the basis of 
A, = (CC; -C,)/Ds, which equals 90.3 per 
eent. In either case, the environmental 
forces operating to produce differences 
between sibs and fraternal twins can not 
be estimated, and the part played by 
genetic factors is greatly over-estimated. 

The conecordance-discordance method 
of twin research is necessarily confined 
to qualitative traits. It permits only 
two classifications, those who possess the 
trait, and those who do not. Variable 
traits, such as size and intelligence, 
showing quantitative variations, must be 
treated in a different manner. Intra- 
pair correlations, symbolized by r, are 
substituted for C and D. Thus A;-: 
(r;—r;)/l—ry;, and 


A, 


ri-T, re7—-?, 
~ I-r, 1-r,° 

Newman, Freeman and Holzinger re- 
cently completed an investigation of cer- 
tain physical, mental and personality 
traits of 50 pairs of fraternal twins 
reared together, 50 pairs of identical 
twins reared together, and 19 pairs of 
identical twins reared apart. Table VI 
shows the part played by heredity in 
determining variation in fraternal twins 
in each of several traits. Comparisons 
of identical twins reared together with 
identical twins reared apart give a basis 
for estimating the role of post-natal en- 
vironment in producing differences. 
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rABLE VI 
PHER PERCENTAGES OF VARIATION IN SEVERAL TRA 
IN FRATERNAL TWINS ESTIMATED RE DUE 
TO HEREDITY DATA TAKEN FROM NEW 
MAN, FREEMAN AND HOLZINGER* 
Af \ 
Standing Height. 81 Binet I Q 68 
Sitting Height 76 Otis Score > 
Weight . . . 78 Otis I Q St 
Head length : 78 Word meaning 6S 
Arithmetic compu 
Head Width .... 75 tation 72 
Nature study and 
Cephalic index 75 science i 
H ry and litera 
Finger ridges 90 ture 
Binet Mental Age 65 Spelling 
* Newman, Freeman and Holzinger, ““Twir \ 
Study of Heredi and Environmen Ur y of 


ty 
Chicago Press 1 


Table VII shows such an estimate for 
seven traits, as contrasted with estimates 
of the amount of variation in fraternal] 
twins reared together attributable to 
environmental factors. It would be en 
lightening to know what the values of 
these environmental factors would be if 
identicals reared apart were compared 
with fraternals reared apart. It is quite 
clear, however, that the relative parts 
played by heredity and environment de 
pend both upon the type of environment 
and on the genotype of the individual 

It should be kept in mind that fra 
ternal twins have, on the average, half 
of the same heredity. 
ested in determining how much of the 
variation in respect to a given trait in the 


If we are inter- 


general population on the average may 
be attributed to heredity, comparisons of 
both types of twins, reared apart, paired 
sibs reared apart, and unrelated pairs 


TABLE VII 
PERCENTAGES OF DIFFERENCES IN CHARACTERS 
Data TAKEN FROM NEWMAN, FREEMAN AND HOLZ 
INGER, Loc, CIT 


Percentages 

of Variations 

in Fraternals 
Due to En 
vironment 


Variations 
Due to Post- 
Natal En 
vironment 


DE scheeceooceces 24 18 
 wtse8s icine a 87 21 
Pt Ph ccceseoeee 19 24 
i UD cscoceccece 58 32 
Dt Mr »esceeeeeene 59 31 
ae ee Oe seas cad 64 16 
Stanford Achievement. 87 36 
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reared apart should give us a fair esti- 
mate. Let us use u to symbolize unre- 
lated pairs, and let us further assume 
that all of the pairs included in the fol- 
lowing formula have been reared apart. 
Then 





fe ones RS dos 9 

l-r, l1-r, 

DIscUSSION 

The results of various investigations 
of twins have emphasized the fact that 
the relationship between heredity and 
environment in the determination of 
variability in man is not fixed or statie, 
but rather dynamic. That is, the rela- 
tive parts played by each depend not 
only upon the trait under consideration, 
but also upon prenatal and post-natal 
environmental conditions and the geno- 
type of the individual. 

Most of the scientific work with twins 
has to date been primarily concerned 
with cross-section comparisons of the oec- 
currence and degree of certain traits in 
twin populations. A barely touched and 
perhaps even more important phase of 
twin investigation is that of continuous 
studies of identical twins from birth 
through childhood and maturity. This 
should be especially enlightening in re- 
gard to growth rates, metabolism, dis- 
ease resistance, intelligence and person- 
ality. The members of a pair could com- 
pare as to the effects of different diets, 
different types of exercises, and even 
different types of training in schools, on 
mental and physical development. It 
would also be feasible to compare iden- 
tical twins reared together until ma- 
turity, and later to determine what 
changes might be brought about as a 
result of living in different environments 
and engaging in different occupations. 

As identical twins have the same geno- 
types, any intra-pair differences must 
be due to either prenatal or post-natal 
environmental factors. Thus identical 
twins offer material par excellence for 


measuring the effectiveness of var 
types of environment and traini, 
Fraternal twins, when compared 
sibs, enable us to evaluate the un 
environmental influences associated wi: 
both types of twins. Fraternal! 
data, like sib data, may also enab! 

to determine whether or not a trait 
inherited in a simple manner. 

Many of the most conspicuous 
interesting variations in man ar 
doubtedly due to a large number 
genes, acting in such a variety of 1 
ners as to defy simple, clear-cut analysis 
Furthermore, many such traits ar 
ditioned to a considerable degree by 
vironment. Especially does this seer 
be true in mental and personality traits 
general growth processes, vigor, longevit 
and disease resistance. The study 
twins is the key to the solution of 
relative roles of heredity and en, 
ment in the determination of variat 
in such traits. Twin research has 
begun, and to be of greatest value 
should be conducted on a much larg 
scale than has ever been attempt: 
Probably no single institution could 
this alone, but many universities, 
pitals, and other agencies working under 
a unified plan could go far in unrave! 
the interplay of heredity and enviro. 
ment in human development. This typ 
of research would call for specialists 
genetics, statistics, medicine, dermat 
glyphies, psychology, blood, nutriti 
endocrinology, embryology and various 
other related fields. Research with twit 
has to date been done largely by isolat: 
workers who have been able to devot 
only part of their time to it. There isa 
definite need for some sort of a centra 
or national association devoted to re- 
search with twins which could act as 
clearing house for twin data and their 
interpretation. It is hoped that som 
such comprehensive and large-scale re- 
search with twins may be inaugurated 
in the not too far distant future. 
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PHARMACOLOGIC SHOCK TREATMENT FOR 
MENTAL DISEASE’ 


By Dr. EMANUEL MESSINGER 


UNITED STATES VETERANS FACILITY, NORTHPORT, N. Y. 


In 1922 the medical and lay world was 
electrified by the announcement of Drs. 
Banting and Best that they had suc- 
eeeded in isolating insulin, and thereby 
had made possible the effective treatment 
of diabetes. This opened an entirely new 
hope to sufferers from the disease, which 
in its severer forms had been invariably 
fatal. Since then, thousands of lives 
have been prolonged, and hundreds of 
thousands of people who formerly had 
been doomed to severe invalidism have 
been enabled to lead a practically normal 
existence. Fittingly, the discoverers of 
insulin were awarded the Nobel Prize in 
Medicine. In 1937, fifteen years later, 
the American medical and lay world was 
electrified by the announcement of Dr. 
Sakel that this same preparation, in- 
sulin, when used in an entirely different 
manner, had proved to be a remedy 
of hitherto unheard-of effectiveness 
against that most common and usually 
hopeless form of insanity, dementia 
praecox. Conservative physicians and 
psychiatrists greeted Dr. Sakel’s pro- 
nouncement with considerable skepti- 
cism. They recalled with distaste other 
much publicized and ultimately discred- 
ited ‘‘cures.”’ 

And there were good reasons for this 
incredulous and even skeptical attitude. 
It had been easy for physicians to accept 
Dr. Banting’s recommendation of insulin 
treatment for diabetes, since it had long 
been known that this disease was due 
to a lack of insulin production in the 
patient’s body, and Drs. Banting and 

1 Published with the permission of the Medi- 
eal Director of the Veterans Administration, who 
assumes no responsibility for opinions expressed 
or conclusions reached by the author. 


Best, after developing a practical means 


for the extraction of insulin from ani 


mal tissues, merely did the rational thing 
in satisfying this lack. In the ease of 
dementia praecox, however—the cause 


was unknown—Dr. Sakel had developed 
his treatment simply by boldly following 
up a hunch, and there s no theo 


available which would sensibly expla 
its effectiveness. Dr. Sakel was not 
formally trained psychiatrist, and, eco 
sequently, one wondered how authent 
his original cases might have been, and 
how valid his determination of a ‘‘cure.’’ 
His work had all been done in Europe 
(Vienna), and undoubtedly the criteria 
governing diagnoses there are more flex 
ible than in the English-speaking cou 
tries. But, as confirmatory reports, first 
from England, and then from researc] 
centers in this country, continued to 
pour in, the skepticism began to be 
replaced by feelings of wonder and some 
thing of awe, as physicians began asking 
incredulously, with fingers crossed—lIs it 
true that there is a new hope open for 
those facing the terror of being over 
whelmed by the flood of madness? 

For mental illness in many of its 
phases may well be compared to a flood. 
The overwhelming of a smoothly fune 
tioning mind by unusual mental and 
emotional strains is quite analogous to 
a smoothly flowing river which has be- 
come overburdened by torrential rains, 
and burst its banks. If the banks are 
high and well buttressed, composed of 
stout clay or rock, when the flood sub 
sides the river will return to its usual 
channel. Similarly, when mental 
develops in an individual with a sound 
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heredity and previously stable person- 
ality, not undermined by any ravaging 
physical ills, we expect the mind’s activ- 
ity to return to normal rational channels 
when the excessive stresses and strains 
have passed. On the other hand, when 
the river’s banks are low and sandy, 
built of crumbly materials, we are not 
surprised at the flood leaving behind it 
many permanent aberrant channels and, 
at times, even diverting the main stream 
itself to an entirely new course. Like- 
wise, a mental breakdown developing in 
a shallow, brittle personality with a 
tainted hereditary background is more 
than likely to persist as a chronic form 
of insanity, with the streams of thought 
and action permanently diverted into 
bizarre and irrational pathways. The 
analogy of mind and river may be drawn 
still further—for instance, certain patho- 
logic, sluggish, depressed mental states 
remind one of a proud stream which has 
dried up to a mere trickle after a pro- 
longed period of heat and drought. 
Bearing this analogy in mind, it be- 
comes apparent that the problem of men- 
tal illness, as of flood control, may be 
attacked along three main lines: first, 
preventive—lessening the volume of emo- 
tional and mental strains to which the 
individual is exposed, much as the engi- 
neer builds dams at strategie points and 
promotes reforestation projects; second, 
therapeutic or reconstructive—attempt- 
ing to bolster up and repair the weak- 
ened or broken banks of the personality, 
analogous to the piling up of levees at 
the weak points of the river; third, 
eugenic—attempting by sterilization and 
segregation to prevent the propagation 
of the mentally unfit or ‘‘fragile’’ per- 
sonalities—a course which in the present 
state of knowledge is quite uncertain— 
which offers little solace to the current 
generation of sufferers and their families, 
and which is generally repugnant to a 
humanitarian society. This last mea- 





sure is comparable to the abandonment 
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as uninhabitable of otherwise desirable 
and fertile river bottoms, particularly in 
view of the fact that the aberrant per- 
sonality strains which supply us with 
most of our insane are also known to 
furnish a considerable percentage of our 
geniuses. 

Consequently, to the practising psy- 
chiatrist it is still the second line o{ 
attack which is of primary importance 
He is always placed in a trying position 
whenever a new method of treatment of 
any promise is introduced and, as is in- 
variably the case, publicized in the lay 
press in an over-enthusiastic, extrava- 
gant and distorted manner. This has 
particularly been the case in the past 
couple of years with the insulin and 
metrazol treatments for insanity. Lay 
writers on medical subjects have an 
inveterate compulsion to overemphasize 
successes and to gloss over or neglect 
to mention failures or limitations. The 
psychiatrist is confronted day after day 
by relatives of mental patients whose 
interest and concern has been stimulated 
by what they have heard or read, and in 
whose minds the following questions are 
paramount: 

(1) What is meant by the insulin and 
metrazol treatments? What types of 
cases may be benefitted by these treat- 
ments, and how much benefit may be 
expected ? 

(2) What are the dangers connected 
with these treatments? 

(3) What hope is there for the other 
cases ? 

In the following pages we shall en- 
deavor to give an adequate and accurate 
answer to each of these questions. Thus, 
we hope to make available to the public 
a conservative picture of what has been 
and may yet be accomplished. 

(1) What is meant by the Insulin and 
Metrazol Treatments for Insanity? 

Before proceeding with the answer to 
this question, it is necessary that the 
reader have some idea of the nature of 
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the diseases or illnesses these treatments 
are supposed to benefit. Insulin treat- 
ment has been recommended primarily 
for certain types of dementia praecox. 
Metrazol treatment has yielded encour- 
aging results in certain depressed and 
stuporous states. 

Dementia praecox is a rather broad 
term used by psychiatrists to group to- 
gether several more or less related forms 
of mental disease in which the outlook 
for complete recovery is more or less un- 
favorable. There are approximately one 
million hospital beds maintained in the 
United States. Almost one half of these 
(some 47 per cent.), are constantly occu- 
pied by cases of mental illness. More 
than half of the mental cases (probably 
60 per cent.) constantly hospitalized be- 
long to the dementia praecox group. 
Psychiatrists generally recognize four 
distinct forms of dementia praecox, 
which they designate as—simple, cata- 
tonic, hebephrenic and paranoid types. 
The characteristic symptoms of each 
form, briefiy, are as follows: 

In the simple types the outstanding 
symptoms are a marked lack of emo- 
tional attachment to the ordinary, so- 
called normal things, about which people 
are much concerned. There is apt to be 
a lack of interest in what is going on 
about them or in the world—a lack of 
affection for their near relatives or 
friends—utter lack of ambition or initia- 
tive. There is no real sadness, only 
apathy and indifference. Such patients 
do not read the newspapers or listen to 
the radios; they might be domiciled in a 
ward for years without bothering to 
learn or remember the names of any of 
their fellow-patients, their nurses or at- 
tendants. They show no worry or con- 
cern over illness or any other misfor- 
tune involving their family or friends. 
They tend to remain inert, though if 
urged sufficiently will usually follow the 
path of least resistance and occupy them- 
selves in simple tasks. They never com- 


plain of anything bothering them, and 
often will permit physical illnesses to be- 
come far advanced before calling anyone 
else’s attention to them. If some privi 
lege or prerogative is denied them, they 
do not fret or fume, merely accept the 
denial listlessly. Nothing seems impor- 
tant enough for them to expend any 
effort to attain. They lead what is called 
a ‘‘vegetative’’ existence—eating, sleep- 
ing, excreting—and displaying little if 
any enthusiasm in any of these fune 
tions. The simple types of dementia 
praecox comprise only a very small per 
centage of those cases which come to a 
mental hospital, which is fortunate, since 
they do not respond favorably as a rule 
to the new treatments we are discussing 

The hebephrenic forms are the most 
numerous encountered in hospital psy- 
chiatry. These patients show charac- 
teristically the childish, silly, bizarre 
speech, mannerisms and behavior which 
popular fancy considers the hall-mark 
of insanity. They are apt to bear con- 
tinuously a silly, insipid 
show peculiarities of dress, often deco- 
rate themselves with all sorts of gee- 
gaws; they are often observed grimacing 
and talking to themselves rapidly and 
incoherently, and on closer observation it 
appears that they are 
*‘ijmaginary’’ voices. It is evident that 
they are preoccupied with silly fantasies, 
and they too have lost interest in the real 
things which are going on about them in 
their daily life and in the outside world. 
This lack of interest becomes reflected as 
the disease progresses in an increasing 
lack of knowledge and loss of what has 
formerly been learned. They may ex- 
hibit delusions or false ideas of grandeur 
or of persecution, but express little con- 
cern about these delusions, and do not 
bother to elaborate any remotely logical 
explanation of their ideas. They often 
complain of bizarre bodily feelings or 
sensations, and may imagine they are 
suffering from all sorts of fantastic and 
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impossible physical ailments, that some 
or all of their vital organs are missing, 
diseased, or dead, or that various kinds 
of machines, mechanisms, animals or 
persons have taken residence in their 
bodies. Patients of this group also do 
not as a rule respond favorably to the 
new treatments. 


The paranoid forms comprise the 
second most numerous group of de- 
mentia praecox patients. These indi- 


viduals usually present a rather normal 
appearance to the uninitiated. They 
carry themselves well, are careful about 
their dress, clean in their habits, and 
generally they show a fairly well-pre- 
served intellectual capacity. They have 
become, however, imbued with the idea 
that they are superior persons and that, 
consequently, others are jealous of them, 
and are constantly striving to degrade 
and take advantage of them. They 
manifest an air of arrogance, haughti- 
ness or martyrdom. They feel that they 
are surrounded by jealous enemies who 
are constantly plotting against them, 
poisoning them, talking about them. 
Often they hear imaginary voices curs- 
ing, threatening, deriding them, accus- 
ing them of unspeakable thoughts and 
actions. They usually construct a super- 
ficially logical theory to explain why 
they are the objects or victims of these 
persecutions. Not infrequently they re- 
act violently against persons who are in 
the vicinity, who they imagine may be 
connected with their persecutors. Such 
eases are frequently benefitted by the 
new treatments. 

The catatonic forms are characterized 
by an extremely bizarre group of symp- 
toms. These depend largely upon what 


basically seems to be a blocking of 
thought and action, a sort of inertia 
which causes the patients to persist in 
definite forms of activity or inactivity. 
These include a marked tendency to 
definite types of stuporous states in 
which the patients will sit, stand or lie 
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in fixed postures or attitudes for weeks 
or months on end. In these stupops 
their eyelids usually are closed (thoy 
an extremely rapid ‘‘nervous’’ flickering 
is common); they do not speak or roe. 
spond in any way to questioning, yet 
is evident that they are aware of what 
is going on about them. In the deeper 
forms of stupor they may make no effort 
to feed themselves or to attend to the 
ealls of nature. Frequently, starvation 
may be avoided only by forced feedings 
with a stomach tube. Often a condit 
known as ‘‘waxy flexibility”’ 
Into whatever constrained or 
position or posture they may be plac 
they will tend to remain, exactly as 
their bodies were made of some inert 
wax, instead of living nerve, muse 
and bone. Again they may show ‘‘stere 
otypy,’’ repeating interminably so: 
particular apparently meaningless move 
ment or gesture which may have bee 
suggested to them by others, or, mor 
usually, is a symbolic expression of their 
own mental complexes. Similarly, they 
may repeat interminably specific words 
phrases, noises or figures of 
In contradistinction to these stuporous 
automatic and passive states, they may 
have periods in which they are wildly 
excited, extremely overactive, impulsive 
destructive and assaultive, and may fur- 
ther manifest marked tendencies to mu- 
tilate or destroy themselves. At 
times they are prone to be actively hallu- 
cinated, and will rant on noisily against 
the ‘‘voices’’ they hear berating and 
threatening them. Strange as it seems, 
it is just these most dramatic and ob- 
viously abnormal types of dementia 
praecox, which are more apt than the 
others to have periods of definite nor- 
mality and mental lucidity. And per- 
haps because of this natural tendency 
for ‘‘partial remission,’’ a goodly pro- 
portion of ‘‘catatonic’’ patients will re- 
spond favorably to insulin and metrazo! 
treatments. 
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Thus, in summing up the four basic 
types of dementia praecox which we 
have just discussed, it is clear that the 
psychiatrist does not anticipate favor- 
able results from treatment when deal- 
ing with the simple and hebephrenic 
types, while he is much more optimistic 
when dealing with the paranoid and 
eatatonie forms. A review of our origi- 
nal analogy of the mind and the river 
may clarify to some extent the reasons 
for this distinction. The simple type of 
dementia praecox may be compared to a 
river in which the springs of its source 
have dried up, so that an insufficient 
volume of current is left to sustain the 
former amount of industry and naviga- 
tion. There is no way in which engi- 
neering can restore such a stream to 
enable it to assume its former functions. 
The hebephrenic type of dementia prae- 
cox may be compared to the river with 
crumbling, sandy banks all along its 
course. After a major disastrous flood, 
its originally weak walls have been 
washed away and broken down in so 
many places—so many new aberrant 
channels have been developed, that it is 
an impossible task to restore it entirely 
to its former course. The paranoid type 
of dementia praecox may be compared 
to a stream whose banks have only a few 
weak points which have been broken 
through. It is possible to plug these 
breaks and to fortify the levees suffi- 
ciently so that the normal course is re- 
stored. Finally, the catatonic type of 
dementia praecox may be compared to 
a river, which has been dammed up near 
its source by some natural catastrophe 
such as an avalanche. The origina 
channel remains intact, and once the 
dam has been blasted away, the river 
promptly resumes its normal course. 
To be sure there may be an initial 
period of turbulent flood (the catatonic 
excitement), when the dam is first broken 
through, but after this has subsided the 
well-grooved channels of the personality 
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will maintain a directed and productive 
flow. 

At this point we must add that in very 
many instances, the situation is not 
nearly so simple as we have indicated 

Many clinical 


eases of dementia praecox which we see 


in the above remarks. 
are by no means “‘ pure’’ as regards their 
type. They present varying admixtures 
of features characteristic of two or more 
of the types. 
dominantly paranoid or catatonic may 
many hebephrenic fea- 


Thus a case which is pre- 


also manifest 
tures. Consequently, it is extremely 
difficult if not impossible to predict in 
such cases what the outcome of treat- 
ment may be. Moreover, when the ill- 
ness is but newly established, the specific 
type is usually not well defined, and it 
is very common to see a case, which in 
its beginnings seemed to belong to the 
higher paranoid or catatonic categories, 
ultimately ‘‘regress’’ to the lower hebe- 
phrenic or simple forms. In fact, it 
is this tendency toward ‘‘regression’’ 
which many psychiatrists feel is the 
chief argument supporting the theory 
of essential unity of the disease complex 
called dementia praecox. 
with this characteristic of the disease 
that all workers in the field have found 
that the percentage of good results in all 


It is consistent 


cases treated varies inversely as the 
duration of the illness up to the time 
treatment was first instituted. In other 
words, the treatment to be effective must 
be applied before the process of regres- 
sion has become marked, that is, before 
the disease has become crystallized in 
one of its lower, resistant forms. Thus, 
few workers are inclined to be optimistic 
in treating cases which have been sick 
over two years, and many workers fee! 
that treatment in chronic cases is en- 
tirely futile. As a working hypothesis, 
however, it may be assumed that in those 
cases presenting mixed features, im- 
provement may be obtained mainly in 
those symptoms which are not character- 








160 
istic of the regressed types of the 
disease. 

We are now ready to describe briefly 
the major details of the new treatments. 
The treatments are strenuous and rigor- 
ous and, consequently, before they are 
administered every precaution must be 
taken to put the patients in as good 
physical condition as possible. In the 
insulin treatment, the patient is given 
injections on successive days of increas- 
ing doses of insulin early in the morning, 
before he has had anything to eat. As 
the proper dose is reached the patient 
goes through a stage of increasing drow- 
siness, followed by a stage of progressive 
loss of muscle control, followed by a 
stage of unconsciousness or coma. The 
sequence of events is quite similar to 
that produced by the induction of an 
anesthesia, as with ether. But, while an 
anesthetic like ether is a poison which 
acts by ‘‘doping’’ the nerve centers, 
insulin is a natural gland secretion 
which progressively diminishes the nerve 
center activity by removing sugar from 
the body tissues and nutrient fluids. 
Nerve activity needs this sugar since it 
is the only fuel which nerve cells can 
utilize as a source of energy; conse- 
quently, as the tissue sugar is removed 
the nerve-cell activity (technically called 
its metabolism) is progressively dimin- 
ished. It has been found most advan- 
tageous to allow the insulin activity to 
continue for about four hours at a ses- 
sion. The usual course of treatment con- 
sists of fifty such sessions, administered 
five or six mornings a week. Thus the 
average course of treatment lasts about 
ten weeks, during which time the patient 
receives special nursing and dietary care. 
A specially trained physician must be 
at hand during the entire period of 
‘feoma,’’ since he must be instantly 
available to take care of any untoward 
complications which may appear. It is 


this absolute requirement of extra, spe- 
cially trained personnel, whose entire 
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energies must be devoted to giving the 
treatments, which makes it so expensive 
and so difficult to incorporate in limited 
and curtailed mental hospital budgets 
The expense of the cost of the insuliy 
used is only a very minor item. 

Each session of ‘‘coma’’ is terminated. 
that is, the patient is ‘‘awakened,’’ }y 
replacing the sugar which the insuliy 
has removed from the tissues. This is 
done by instilling the proper amount o! 
sugar solutions into the stomach (usually 
by a rubber stomach tube), or, where a 
more rapid ‘‘awakening’’ is desired, by 
injecting sugar solution directly into the 
blood stream. When the insane patient 
first awakens, he often shows an in. 
creased mental clarity or lucidity which 
may last only a few minutes. In those 
eases which show permanent improve. 
ment from the treatment, this ‘lucid 
interval’’ usually becomes progressive}; 
prolonged as the treatment is continued, 
until ultimately the patient is ‘‘lucid’’ 
all the time and is ‘‘insane’’ no longer 

About the time Dr. Sakel was report- 
ing his first outstanding successes with 
the insulin treatment, a Hungarian psy- 
chiatrist, Dr. Ladislaw von Meduna, 
began working intensively with an en- 
tirely different type or drug, called 
metrazol. Dr. von Meduna felt that 
there was some sort of natural antag- 
onism between the nervous disease 
epilepsy, and those nervous 
grouped together under the term ce- 
mentia praecox. Consequently, he felt 
that if one could imitate the outstand- 
ing symptom of epilepsy, the epileptic 
convulsion, in dementia praecox pa- 
tients, one might favorably influence 
the course of their illness. He exper'- 
mented with various drugs which were 
known to have convulsive effects on 
lower animals, and finally decided upon 
‘‘metrazol,’’ a synthetic chemical re- 
lated to camphor, as the safest and most 
practical. He then tried out his arti- 
ficially induced convulsions on humans 


diseases 


-_ 











aon ff + SB we FX hUuhhlhCUrM 


“: + 


h 








tand- 
leptic 

pa- 
ence 


‘peri- 
were 
s on 
upon 
1 re 
most 
arti- 
mans 








TREATMENT FOR 


and his initial results were at least as 
spectacular as Sakel’s. The von Meduna 
treatment consists simply of the injec- 
tion into the vein, of a sufficiently large 
dose of metrazol to produce a generalized 
fit or convulsion. The convulsion is an 
extremely violent one, and resembles the 
natural epileptic convulsion in its broad 
outline, though not in its detailed mecha- 
nism. It is usual to give three such con- 
vulsions a week, and to give a total of 
ten to twenty convulsions in the average 
ease. The convulsion itself lasts from 
three fourths of a minute to a minute 
and a half, is followed by a state of 
coma or complete unconsciousness last- 
ing a few minutes, and finally by a 
state of confusion or befogged mental 
activity which may last a couple of 
hours. After these phases of the metra- 
zol effect have worn off, the patient is 
apt to show a state of unusual mental 
clarity with freedom from his psycho- 
tic symptoms, very similar to the ‘‘lu- 
cid’’ intervals noted after emergence 
from insulin coma. Again, when the 
treatment is successful these lucid inter- 
vals become progressively prolonged un- 
til ultimately all of the picture of in- 
sanity is pushed to the background. It 
soon became apparent that the metrazol 
treatments appeared to benefit, by and 
large, basically the same classes of pa- 
tients as the insulin treatment, with a 
tendency for greater success in the cata- 
tonic and stuporous groups. It also be- 
came evident that while one was likely to 
obtain a more rapid improvement with 
metrazol, the improvement was more 
likely to be maintained for a prolonged 
period when insulin was used. 

Very early in the course of his ex- 
perience with the insulin treatment Dr. 
Sakel found that a certain proportior: 
of his patients tended to have convul- 
sions during the course of insulin coma. 
He further noted that certain of these 
patients were prone to show a much 
more rapid gain in their improvement 
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after such convulsions. As a result of 
these observations, he found it advisable 
to supplement his original insulin treat- 
ment in selected cases by artificially in 
ducing convulsions during certain phases 
He too chose metrazol 
as the most practical drug for this pur 
pose. This 


metrazol treatment has also become an 


of insulin coma. 


‘‘ecombined’”’ insulin and 
accepted technique with most workers 
in the field. 

We are now ready to consider what 
the verdict of time and experience has 
been as regards these new approaches 
Three 


years have elapsed since these treat- 


to the problem of mental disease. 


ments were first introduced to this coun- 
try, and thousands of cases have been 
treated during this interval. Scientifi 
eally minded physicians will discount 
any claims of therapeutic achievements 
unless they can be convinced that a 
sufficiently large number of cases have 
been treated, and that the results have 
been adequately checked and ‘‘con- 
trolled.’’ By this they mean that they 
expect a large number of cases which 
have been treated by the new methods, 
to be compared with an equally larg 
number of similar cases which have been 
treated by the old methods, and that the 
comparative results be evaluated after 
a sufficiently long period of time has 
elapsed. It would seem that these con- 
ditions have been met in the New York 
State Hospital System. Dr. Benjamin 
Malzberg, senior statistician of the New 
York State Department of Mental Hy- 
giene, and Dr. John R. Ross, superinten- 
dent of Harlem Valley State Hospital 
(wher¢ Dr. Sakel inaugurated insulin 
treatment in this country), have recently 
collected and summarized the results 
obtained in the New York State institu- 
tions. They compared 1,039 patients 
treated with insulin with 1,039 patients 
of essentially similar characteristics who 
had received only the usual types of 
hospital treatment. They found that 
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almost two thirds of the insulin-treated 
cases showed a significant degree of im- 
provement (65.4 per cent.), and 12.9 per 
cent. of the total were considered re- 
covered. In the control group only 22.1 
per cent. showed a significant degree of 
improvement, and only 3.5 per cent. 
were considered recovered. Thus, it is 
evident that when insulin was used a 
favorable outcome was obtained three 
times as frequently as when it was not 
used. These figures are further sub- 
stantiated in that in a summary of 718 
additional cases treated with insulin, 
practically the same percentages of im- 
provement and recoveries were main- 
tained. 

As regards the results of metrazol 
treatment, quite a different picture is 
seen. Dr. H. M. Pollock, of the New 
York State Department of Mental Hy- 
giene, has summarized the results of 
metrazol treatment on a series of 1,140 
dementia praecox patients. Of this 
group he found that only 1.6 per cent. 
were considered recovered, while only 
36 per cent. showed some degree of im- 
provement. These statistics when com- 
pared with those given for the control 
group would seem to indicate that on 
the whole metrazol treatment is defi- 
nitely not worth while. Practically 
everyone who has worked intensively 
in this field, however, has encountered 
certain cases which responded only in- 
differently to treatment with insulin 
alone, yet showed a spectacular improve- 
ment when metrazol was used in addi- 
tion. Perhaps the metrazol figures suffer 
by comparison simply because the great 
preponderance of cases treated were not 
of the catatonic, stuporous types which 
are most amenable to the convulsive 
method. Another, more potent argu- 
ment against the indiscriminate employ- 
ment of metrazol is the rather frequent 
occurrence of serious physical complica- 
tions which we will mention below. In 
passing, we might mention that in recent 


months exceptionally favorable resu)ts 
have been obtained with the use 
metrazol in certain chronic depress 
mental states, not belonging to the de- 
mentia praecox group of illnesses. I; 
may well be that ultimately metra: 
treatment will find its chief sphere 
usefulness in such new fields. 

(2) What are the dangers and | 
sible untoward reactions which may 
associated with these treatments? In 
describing the insulin method, it will be 
recalled, we compared the development 
of insulin coma to the phases of 
ministration of an anesthetic. If we 
bear this in mind, we can readily under- 
stand how the dangers of insulin coma 
are comparable to those of a period « 
deep anesthesia. Most of us can remem- 
ber how with years of experience and 
refinements of technique the dangers 
and, consequently, the dread of anes 
thesia have been progressively dimin- 
ished. Similarly, with insulin coma, as 
our experience has widened and \ 
procedures have become perfected the 
dangers have lessened and our fears 
have diminished. Now, in any state of 
unconsciousness or coma the possibility 
exists that the patient may aspirate (or 
inhale) fluids or secretions from the 
mouth or upper air passages into the 
lungs, and such aspirations are likely 
to lead to a severe inflammatory condi 
tion or ‘‘pneumonia.’’ In the old days 
when the methods of administering anes- 
thesia were still rather crude, such 
‘‘ether pneumonias’’ were rather com- 
mon. Nowadays, these complications ar 
so rare that the term ‘‘ether pneumonia’ 


is practically obsolete. Likewise, in the 


earlier days of insulin-shock treatment 
‘‘aspiration pneumonias’’ were fair!) 


common, while lately as techniques have 


become progressively refined and work- 


ers have become more expert, the inci- 


dence of this complication has marked!) 


diminished. Another serious, but fortu- 
nately, rare complication which may be 
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encountered is that called ‘‘prolonged’”’ 
or ‘‘irreversible’’ coma. In this condi- 
tion, the patients fail to awaken as they 
should, soon after the usual means of 
restoring the blood-sugar level have been 
employed. Recent studies by Dr. J. 
Wortis and R. H. Lambert from the 
Phipps Psychiatric Clinie of the Johns 
Hopkins Hospital, have indicated the 
causative factors for most of these mis- 
haps, and have indicated satisfactory 
measures for preventing and treating 
them. 

A concrete idea of the actual mortality 
risk associated with the insulin-shock 
treatments may now be secured by re- 
viewing Dr. Malzberg’s statistics from 
the New York State Hospital Service. 
In 1,039 patients who received insulin 
treatment there were thirteen deaths. 
On the other hand, in the control un- 
treated group of an equal number of 
comparable patients, there were forty- 
eight deaths. From these figures it 
would seem that patients selected for 
the insulin treatment had more than 
three times as good a chance to survive 
the first few years of their mental ill- 
ness as their less favored companions. 
While it is appreciated that the insulin- 
treated cases constitute a physically 
select group, it must also be borne in 
mind that when insanity is permitted 
to run its natural course unmolested, it 
frequently leads to inroads in the phys- 
ical health of the patients and conse- 
quently reduces their resistance to 
bodily illnesses and infections. On the 
other hand, when insulin treatment has 
been used the patients have invariably 
gained much weight and have shown 
considerable improvement in their phys- 
ical status, even in those cases where no 
worth while restoration of mental func- 
tion has been obtained. 

With metrazol treatment we must 
reckon with a considerably higher pro- 
portion of hazards and untoward reac- 
tions, even though the general mortality 
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rate is not significantly higher than in 
From the humani 
tarian standpoint, metrazol treatment is 


the case of insulin. 


decidedly inferior since many patients 
find it exceedingly unpleasant and in 
many cases overwhelmingly terrifying 
For the most part, however, these feel 
ings of terror may be obviated by using 


and insulin 


the combined metrazol 
method. More important is the occur- 
rence in occasional cases of fractures 
and dislocations of certain long bones of 
the extremities. 
the result of the uncontrolled violence 
of the factor 
which can hardly be eliminated since it 


These complications are 


metrazol convulsion, a 
is generally agreed that it is the con 
vulsion itself which produces the desired 
curative result. 
few isolated instances reported of sud- 


There have also been a 


den death following a metrazol convul- 
sion due to paralysis of breathing or 
heart failure. Such fatalities also seem 
unavoidable, since any form of general- 
ized convulsion (of the epileptic or other 
natural types), 
bility. A more hopeful outlook has de- 
veloped as regards the 
which have been 


entails the same possi- 
**pneumonias’”’ 
and ‘‘lung abscesses’’ 
known to complicate occasional cases 
undergoing metrazol treatment. Dr. M. 
Zeifert, of the Brooklyn State Hospital, 
has recently demonstrated that this type 
of complication is generally caused by 
the injection of the drug introducing 
minute blood clots into the circulation, 
and he has devised a simple, effective 
method of preventing this. Finally, it 
has been found that a certain proportion 
of metrazol-treated may 
minor evidences of damage to the bony 
elements of the spinal column, as dis- 
closed by x-ray studies. While for the 
most part these spinal column changes 
do not seem to cause clinical symptoms, 
these findings have naturally led to in- 
creased caution and conservatism in the 
use of metrazol. Means are now being 


cases show 
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developed which will probably prevent 
these changes in the future. In the 
meantime, in view of this list of com- 
plications it would seem the part of 
wisdom to employ metrazol only in those 
cases which seem to offer a reasonable 
prospect of improvement. 

(3) In conclusion, what hopes can we 
hold out for the chronic cases of de- 
mentia praecox—those which we have 
found are to a great extent not amenable 
to these new forms of treatment? As 
regards recent cases, it is clear that we 
ean readily agree with Dr. Malzberg, 
who wrote ‘‘. . . it appears permissible 
to draw comfort and encouragement 
from the present results. No longer 
need families feel the anguish and de- 
spair that come from the thought of an 
incurably stricken relative. It is neces- 
sary, however, to reiterate the pressing 
need of early diagnosis and treatment, 
and this requires the intelligent coopera- 
tion of the publie with hospital authori- 


ties ”» It is equally clear that we 


have only begun to scratch the surfac 
of the problem of these forms of jp. 
sanity. What further research and ex. 
periment along these lines will uncover. 
it is impossible to predict. Certainly, 
since these initial steps have been taken. 
we can anticipate an accelerated rate o{ 
progress. Even in our most advanced 
chronic cases we are now accustomed to 
see interludes of mental clarity whe 
they are under the influence of insulin 
and metrazol. Does not this indicate 
that we are dealing with a correcti! 
disorganization of function and not 
irremedial destruction or alteration 
structure? We have become reoriented 
to the problem. From an attitude of 
hopeless fatalism we have been converted 
to one of optimistic resourcefulness 
With this change of attitude it seems 
inevitable that more and more effective 
tools will be devised to return the way- 
ward mind to its normal track. 


EDUCATION 


WESTERN civilization has for more than two 
thousand years sought to establish a rigid sepa- 
ration between reason and emotion, between 
‘*objectivity’’ and ‘‘values.’’ The material 
fruitfulness of the separation in the past is the 
chief reason for its uncritical acceptance in the 
present. The intellect, however, is not simply 
an aspect of human life—and a superior aspect 
in typical Aristotelian tradition—but it arises 
out of the emotional and ethical life, is deeply 
rooted in it, and draws its strength and stamina 
from it. The moral and emotional bleakness of 
typical intellectual communities, and many of 
the characteristic problems of the American col- 
lege and university can only be understood in 
the light of the persistence of this tradition. 
When we discuss our ‘‘ problems of teaching’’ 
and set large staffs at work on the problems of 
**youth’’ and ‘‘teacher’s training,’’ we are 
simply tracing some of the symptoms of a mal- 
ady that is rooted in this distinction of reason 
and emotion that underlies most of our thought 
about the entire educational process. .. . 

Occasionally, a teacher in the humanities or 
the social sciences will venture the statement 
that the ‘‘relations’’ of subjects or the ‘‘ mean- 
ing’’ of the learning is the heart of good teach- 
ing, but beyond that point few will risk them- 
selves lest they be accused of ‘‘preaching.’’ So 


—in the language of the Sermon on the Mount 
while the young clamor for bread, we conti 
to offer them stones, and of the discontent 
the young provokes critical discussion, it is 
limited to the quality of the stones and to met 
ods of improving methods of manufacturing 
more excellent stones. ... The first need is 
therefore a complete shift of focus. What has 
partly developed as an unplanned by-prod 
must now be seen as clearly within the genera 
responsibility of the educator. Talent 
funds formerly restricted to academic purposes 
in the narrow sense of the term must n 
be shifted from sheer cultivation of intellect 
virtues to education for the whole man, for me! 
as knowers and doers and appreciators. ... 

If we in the schools do not live up to our other 
than-intellectual responsibility, if we do not 
reach into moral and emotional fields in a man 
ner that is justifiable from the standpoint of th 
values of a free society, someone else will. For 
the need exists, and the trend is toward intens 
fication of the pressures that have brought 
about. Thus, in a real sense, the survival of : 
free society may be determined by the flexibility 
with which we think of the limits of formal 
education in a changing world.—Inaugural Ad 
dress of Harry D. Gideonse as president 
Brooklyn College. 
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THE MATERIAL BASIS OF EVOLUTION’ 


By Dr. SEWALL WRIGHT 


PROFESSOR OF ZOOLOGY 


Tueortes of evolution may be classified 
according to the demands which they 
make on chance variation. No demands 
are made by a group of theories under 
which evolution is a byproduct of indi- 
vidual physiology, whether directed by 
environmental influences or by the in- 
heritance of individual adaptations or 
by an innate developmental process (or- 
thogenesis). Theories of this group have 
had a wide appeal but have been largely 
discredited by the results of experiment. 
Under a second group of theories, evolu- 
tion is a population matter, with varying 
emphasis on the pressures of recurrent 
mutation, of selection among individuals 
and of the effects of inbreeding, cross- 
breeding and intergroup selection in the 
hierarchy of partially isolated subdi- 
visions of the species. Finally come the 
theories under which unique mutations 
are the crucial events, with subdivision 
according to whether such mutations are 
supposed to give rise merely to species, 
the higher categories arising by a cumu- 
lative process, or whether the higher 
categories as well as the species are sup- 
posed to appear abruptly. Dr. Gold- 
schmidt has been the leader in recent 
years in advocating this last viewpoint 
on genetic grounds. He has now assem- 
bled pertinent data and his deductions 
from these, in book form,’ an elaboration 
of the Silliman Lectures which he deliv- 
ered at Yale in December, 1939. 

The book is not intended to cover the 
entire field of evolution. It is an ‘‘in- 
quiry into the types of hereditary dif- 
ferences which might possibly be used in 
evolution to produce the great differ- 


1 The Material Basis of Evolution. R. Gold- 
schmidt. Illustrated. v+436 pp. $5.00. May, 
1940. Yale University Press. 
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ences between groups.’’ There are two 
main parts—‘‘Microevolution’’ (pp. 8 
183) and ‘‘Macroevolution’’ (pp. 184 
395)—in accordance with the absolute 
distinction which Goldschmidt has come 
to make between evolution within species 
and the origin of species and higher 
categories. He reaches the following 
conclusions with respect to microevo 
lution. 

Microevolution within the species proceeds by 
the accumulation of micromutations and occupa 
tion of available ecological niches by the pri 
adapted mutants. Microevolution, especially 
geographic variation, adapts the species to the 
different conditions existing in the availabk 
range of distribution. Microevolution does not 
lead beyond the confines of the species and the 
typical products of microevolution, the geo 
graphical races, are not incipient species. There 
is no such category as incipient species. 

The reasons given for concluding that 
the processes which determine micro- 
evolution have nothing to do with macro- 
evolution may be summarized briefly as 
follows: the observed discontinuity of 
species and higher categories can not be 
explained by these processes without 
postulating an unreasonable amount of 
extinction of intermediates; these proc- 
esses are too slow; they are too limited in 
scope, since it is inconceivable that muta- 
tions of protozoan genes could furnish 
enough material for the evolution of 
higher animals, even granting duplica- 
tion; and finally gene mutations are in- 
adequate in kind. ‘‘The germ plasm as 
a whole controls a definite reaction 
system controlled as a whole by one 
agency.’”’ 

As hereditary cytoplasmic differentia- 
tion is ruled out as an important factor, 
the author concludes that only one possi- 
bility is left. 
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Species and the higher categories originate in 
single macroevolutionary steps as completely 
new genetic systems. The genetical process 
which is involved consists of a repatterning of 
the chromosomes which results in a new genetic 
system. The theory of the genes and of the 
accumulation of micromutants by selection has 
to be ruled out of this picture. This new genetic 
system, which may evolve by successive steps of 
repatterning until a threshold for changed 
action is reached, produces a change in develop- 
ment which is termed a systemic mutation. Thus 
selection is at once provided with the material 
needed for quick macroevolution. 

Goldschmidt holds that this theory 
avoids the insurmountable difficulties 
which he finds at all points in ‘‘neo- 
Darwinism.’’ As the reviewer is listed 
among the advocates of neo-Darwinism 
it may be inferred that he does not find 
himself in agreement at all points. A 
detailed critique is not practicable in the 
scope of this review, but certain general 
points may be noted. 

The antithesis between Goldschmidt’s 
viewpoint and neo-Darwinism is not 
simply one of preference for systemic 
chromosomal changes as opposed to 
micromutations. The neo-Darwinists 
have not been concerned primarily with 
the problem which is central in the pres- 
ent book, the types of mutation involved 
in evolution. Their primary concern is 
the dynamics of the process, accepting 
all types of mutation actually observed. 
As the formal laws of heredity are the 
same, to a considerable extent, for gene 
mutations and the simpler chromosomal 
changes, the same theory applies to both, 
with minor complications, and has been 
so applied. Goldschmidt gives no serious 
discussion of questions of dynamics, and 
conclusions from statistical genetics are 
in several cases seriously misinterpreted. 
Yet the dynamics of the postulated ac- 
cumulation of subliminal steps in chro- 
mosome repatterning and of the estab- 
lishment of the systemic mutations, once 
the threshold has been passed, are ques- 
tions which must be considered, if valid 
comparisons are to be made with the con- 
clusions reached by neo-Darwinism. 


From the latter viewpoint, the s; ; 
(in sexually reproducing organisms 
a complex reticular structure in 
made up on a fine seale of the conj 
ing and segregating lineages, and 
coarser scales, of local populations 
of subspecies. These groups tend 
drift apart under a process that 
jointly adaptive and fortuitous aspects 
(selection in relation to local condit 
and effects of inbreeding). They 
seldom get very far apart, however. 
are continually shifting in character as 
long as continuity is maintained by cross 
breeding. The species as a whole g 
ally changes its character as a resu 
intra- and inter-group selection 
under certain conditions, of accidents 
sampling. If isolation of any portio. 
the species becomes sufficiently complete 
the continuity of the fabrie is broke 
The two populations may differ little 
any at the time of separation but 
drift ever farther apart, each carrying 
its subspecies with it. The accumulat 
of genic, chromosomal and cytoplas: 
differences tends to lead in the cours: 
ages to intersterility or hybrid steri 
making irrevocable the initial mer 
geographic or ecologic isolation. 

There are certain similarities wit! 
sults to be expected from Goldschmidt’s 
systemic mutations: subspecies are 
ordinarily incipient species and there is 
usually marked discontinuity betwe 
species, occurring without any necessa! 
extinction of contemporary intermed 
ates. Under neo-Darwinism, however 
these are relative matters, while absolut: 
under Goldschmidt’s scheme. 

Goldschmidt devotes much space to t! 
‘‘bridgeless gap’’ between species whic! 
is crucial for his theory. To the r 
viewer, it appears that the data indicat 
every conceivable intergrade in degrees 
of morphological and physiological dis 
tinction, of chromosomal differentiat 
and of cross-sterility or hybrid sterilit) 
with the correlation between these 
teria far from perfect. Goldschmidt 
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recognizes the lack of perfect correlation. 
He holds that ‘‘the development of inter- 
sterility is therefore to be regarded as 
the decisive step in the isolation of spe- 
eies.”’ This then is the most essential 
effect of the systemic mutation. He de- 
votes considerable space to the trouble- 
some cases that have been turning up in 
increasing numbers in which sharply dis- 
tinct, non-interbreeding populations liv- 
ing in the same region (and thus appar- 
ently good species) have been shown to 
be connected around a circle by a chain 
of intergrading types (making them 
merely subspecies). Goldschmidt, tak- 
ing the latter horn of the dilemma, de- 
cides that the criterion for a good species 
is demonstrated physiologic intersterility 
or hybrid sterility, in contrast with fail- 
ure to interbreed which may be due 
merely to psychologic causes. Thus he 
unites into one Rassenkreis two species 
of deer mice, Peromyscus leucopus and 
P. gossypinus, which hybridize rarely if 
ever in nature, where their ranges over- 
lap, but which have been shown by Dice 
and Blossom to produce fertile hybrids 
in the laboratory. He does not, however, 
refer to the existence of fertile hybrids 
from crosses between bison and cattle 
and between pigeons and doves which 
would relegate accepted genera and fam- 
ilies to the level of subspecies by this 
criterion. Later in the book indeed he 
recognizes that ‘‘good’’ species (of lepi- 
doptera) may produce fertile hybrids. 
The question of an absolute difference in 
kind between the products of microevolu- 
tion and of macroevolution thus seems to 
be left in a rather unsatisfactory state. 
It may be added that he himself to some 
extent cuts the ground from under the 
conception of a ‘‘bridgeless gap’’ by sug- 
gesting later that genes have no existence 
except as undefinable regions in the chro- 
mosome pattern, that gene mutations are 
merely highly localized changes in pat- 
tern and thus that there is no essential 
difference in kind between the materials 


of microevolution and those of macroevo 
lution. Moreover, the hypothesis that re- 
patterning may require many steps be- 
fore a systemic mutation occurs, tacitly 
reintroduces ‘‘incipient species’’ though 
not necessarily in the same sense as the 
recognized subspecies. 

With respect to the alleged slowness of 
neo-Darwinian evolution it may be said 
that the theoretical rate depends very 
much on the conditions. Under reason- 
ably stable conditions, with every eco 
logie niche occupied, theory indicates 
equilibrium of all gene frequencies to a 
first order in spite of continual mutation, 
considerable variability if the population 
is large, and severe selection. Neverthe- 
less, second-order processes, in a species 
with a hierarchy of partially isolated 
subgroups, permit continuous, if usually 
rather slow, change. There is always the 
possibility, moreover, that this may lead 
to an adaptation of a type that is of gen- 
eral significance, perhaps opening up a 
new way of life. The result of such an 
adaptation would be a relaxation of se- 
lection, a rise in the frequencies of many 
mutant genes and great increase in varia- 
bility and in numbers. With ecologic 
isolation in the various niches now open 
to the species, and selection pressures 
now directed differently in each niche, 
an explosive evolutionary process is to 
be expected, an adaptive radiation within 
a new higher category. The same proc- 
ess may occur from a change of condi- 
tions. It would seem inevitable if a 
species reaches an unoccupied region 
that offers diverse opportunities. Such 
events must have been relatively common 
early in geologic time. A relatively re 
cent example seems to be found in the 
history of the Drepanids of the Hawaiian 
Islands (an endemic family of birds with 
18 highly diversified genera and 40 spe 
cies, presumably tracing to a pair or 
flock of stray migrants of an American 
species ) yet Goldschmidt cites this as 
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unimaginable except by an outburst of 
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systemic mutations of family, generic 
and specific rank. 

It will be well to reiterate that neo- 
Darwinism is not concerned solely with 
micromutations. It is quite in accord- 
ance with the theory that mutations with 
conspicuous effects may play an impor- 
tant role in the adaptive radiation of 
populations for which selection is re- 
laxed, provided they do not have dele- 
terious effects on individual physiology 
or fertility. On the other hand, complex 
adaptations would be enormously more 
likely to be reached by a cumulative 
process, involving trial and error, than 
by a single step as postulated by Gold- 
schmidt. To the reviewer, the latter’s 
theory seems to make demands on chance 
that are much too severe, both with re- 
spect to the origin of the complex dif- 
ferences between species and their estab- 
lishment, recalling the postulated abrupt 
occurrence of intersterility with the 
parent stock. 

The origin of new types by polyploidy 
is a process in which the individual mu- 
tant is the crucial event, which must be 
recognized by neo-Darwinists as of con- 
siderable importance. In these cases, 
however, there is either little initial 
change in character (autopolyploidy) or 
there is a balance of parental character 
after hybridization (allopolyploidy) fa- 
vorable to survival. There is a popula- 
tion problem even here, in that the low 
fertility of triploid hybrids with the 
parent stock raises severe obstacles to 
establishment unless vegetative multipli- 
cation occurs freely. Goldschmidt him- 
self considers autopolyploidy as falling 
within the scope of microevolution and 
does not ascribe primary evolutionary 
significance to allopolyploidy. 

With respect to limitations in the 
amount of material for evolution pro- 
vided by gene mutation as compared 
with chromosome repatterning, it is not 
clear that the possible combinations of all 
possible mutations at thousands of loci 


furnish less material than the poss 
permutations resulting from repatt 
ing of normal chromosomes. The 
dence at present suggests that the 1 
rial at each locus (which may be 
sands of times as much as that in a la 
protein molecule) may be capable of 
tating through an indefinitely extended 
branching series of alleles. Ever 
may thus have had an exceeding] 
plex evolutionary history from prot 
to man. 

At the root of the differences betw: 
Goldschmidt’s viewpoint and that of 1 
Darwinism seem to be different cor 
tions of the physiological relations 
tween germ plasm and organism 1 
earlier evolutionists, under the influ 
of a rigid conception of morpholog 
homology, were seriously troubled by 
apparent necessity for assuming ind 
pendent heredities for each part of « 
replicated structure. An enormous | 
was lifted when it was recognized 
complex differences in form may tr 
to simple differences in the dev 
mental process and that the same 
netic system that determines, throug 
physiological channels, the form of 
structure may be expected to give 
basis for more or less similar rep 
tions wherever the local conditions 
sufficiently similar. 
played a leading role in bringing h 
to geneticists the necessity for a phys 
logical interpretation. This gener 


viewpoint is explicitly accepted by all 


those whom he lists as neo-Darwinists 


Goldschmidt, however, seems to hold that 


the conception of the organism as an 
tegrated reaction system requires a 
responding spatial integration of 
germ plasm and that essential change 
the reaction system can thus come ab 
only by repatterning of the chromosomes 
To others, a temporal integration is 
that is necessary, or even possible, wit 


the chain reaction as the simplified 
model. Within the organism as a more 


Goldschmidt has 


























or less integrated reaction system, there 
is a hierarchy of subordinate reaction 
systems, each with considerable indepen- 
dence, as shown by capacities for self- 
differentiation. Thus there must be par- 
tially isolated reaction systems for each 
kind of organ and for each kind of eell. 
It is difficult to see how any spatial pat- 
tern in the germ plasm can operate in 
determining these, but there is no theo- 
retic difficulty with a branching hierar- 
chie system of chain reactions in which 
genes are brought into effective action 
whenever presented with the proper sub- 
strates, irrespective of their locations in 
the cells. There is no limit to the num- 
ber of reaction systems that can be based 
on the same set of genes, and such sys- 
tems may obviously evolve more or less 
independently of each other. 

In an introductory chapter, Gold- 
schmidt cites about a score of characters 
whose evolution he challenges the neo- 
Darwinist to explain. The actual course 
of events has usually been so tortuous in 
eases in which the evidence is reasonably 
complete that no attempt at reconstruc- 
tion without direct evidence can be taken 
very seriously. However, there appear 
to be no special theoretic difficulties in 
the cases cited if the neo-Darwinian posi- 
tion is correctly understood. We can 
only take space for one of these cases but 
it is typical of several. Goldschmidt 
holds that alternation of generations 
could only have arisen by a systemic mu- 
tation. Let us consider the case in 
coelenterates, beginning for sake of ar- 
gument with a hydra-like polyp, multi- 
plying by budding. Colony formation 
could arise gradually by the accumula- 
tion of micromutations, causing delay in 
separation of daughter polyps. Differ- 
entiation of polyps into nutritive and 
reproductive zooids involves the same 
sort of problem as the differentiation of 
organs within an individual. Alterna- 
tive reaction systems may become differ- 
entiated gradually with expression re- 
lated to position in the colony. The 
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reaction system of the reproductive zooid 
may become modified gradually to pro 
vide for increasingly regular separation 
from the colony and for locomotion, until 
the medusa type is reached. This, in 
dentally, offers a new way of life and 
evolution may continue by gradual sup 
pression of the reaction system of the 
fixed phase and elaboration of that of the 
free phase. 

So far we have compared Gold 
schmidt’s theory with neo-Darwinism 
largely on the plausibilities with which 
they explain evolutionary phenomena 
But neo-Darwinism takes its premises 
from the chromosome theory as actually 
developed by genetics and cytology 
Goldschmidt deduces a different type of 
chromosomal organization, on the basis 
of the supposed theoretic necessity of his 
systemic mutations. No data are given 
that support the conception of a spatial 
pattern of the germ plasm, correlated 
with the reaction system of the organism 
Against this is the independence of the 
chromosomes and the apparent absence 
of any correlation between location of 
genes and at least the more conspicuous 
effects of their mutations. Abundant 
data indicate that a type gene produces 
its characteristic effect in translocations 
whether the translocated piece is small 
or large, or if large whether the locus is 
near the right end or the left end or the 
middle. The effect may be weakened or 
less stable or otherwise modified, but the 
type alleles of white, of \ ellow, of cubitus 
interruptus, ete., of Drosoy hila melano- 
gaster still retain their essential specifici- 
ties. The simplest description of the 
genetic data is still obtained by attribut 
ing specificity, independent of position, 
to each gene and merely qualifying this 
by recognition of occasional second order 
effects of position. The old question 
whether adjacent genes are completely 
separate or are merely specialized re 
gions in a continuum is irrelevant in this 
connection. 

Goldschmidt’s contention that char 
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acter differences comparable to those be- 
tween species can not be brought about 
without repatterning is refuted by the 
characters of trisomics in Oenothera, 
Datura, Nicotiana, ete. In these there is 
no repatterning of any chromosome but 
merely quantitative increase in all genes 
of one chromosome, yet the morpholog- 
ical and physiological effects give the 
appearance of specific difference. On 
the other hand, a single moderately long 
inversion should annihilate the pattern 
of a chromosome as a whole. Yet inver- 
sions either have no effect or effects no 
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greater than single gene mutations 
hypothesis that there is a thresho! 
repatterning at which the systemic n 
tion makes its appearance seems to by 
a wholly ad hoc character. 

While the reviewer radically disagrees 
with the author’s central thesis, he wis! 
to testify to the importance of the | 
A great store of well-selected data | 
been assembled from diverse sour 
fairly presented and discussed 
viewpoints which must be carefully 
sidered by any one interested in 
problem of evolution. 


BASIS OF VALUE 


By NINA BULL 


RESEARCH ASSOCIATE IN PSYCHIATRY, COLUMBIA UNIVERSITY 


Since the dream of a world made safe 
for democracy has not come true, and the 
various unrelated kinds of value that 
civilized humanity has set such store on 
are in danger of being swept away, it is 
high time to consider certain basic values, 
and their corresponding needs which are 
forever motivating living creatures, from 
the lowest to the highest. These basic 
values all have to do with the conserva- 
tion of life itself, and can be summed up 
in a rather general way under the fa- 
miliar concept of self-preservation. 

In this concept, however, we need to 
understand a great deal more than the 
obvious fact of a strong, persistent com- 
pulsion to save one’s own skin under the 
great majority of circumstances. Just 
as self-preservation in every individual 
cell within the body takes on a generic 
form which causes activities concerned 
with preservation of the organ to which 
it belongs, and also of the body as a 
whole, so a single human individual be- 
comes automatically concerned about the 
preservation of his family, his friends, 
his group, his country, and even, at 
times, about the entire human race; so 


that any threat to these is registered as 
danger. 

The gravest of all dangers to the ra 
is its extinction, and this is avoided | 
the sexual instinct, which serves t! 
larger end of race or species conservatio! 
although it works through immediate in- 
dividual needs of pleasure and reli 
Goethe has called it nature’s trap to lure 
the individual into the act of reprodu 
tion—to keep the race alive. It is essen- 
tially a contribution to survival. 

Such an elastic concept of self-preser 
vation, which allows for every kind 
preservation of the group as well as of 
the individual, provides a basic principle 
of motivation, and a biological founda 
tion for the sense of value in itself 
And this is true whether the value is 
positive or negative in character—that is 
to say, associated with something that 
produces benefit on the one hand, o1 
something that produces injury on t! 
other. Ideas of ‘‘good’’ grow out of o 
experience of benefit, and ideas of ‘‘evil’’ 
out of harm. In the last analysis, 
values simmer down to this essential 
pair, no matter what we call them. 
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THE BIOLOGICAL BASIS OF VALUE 





These positive and negative aspects of rational activities for exigencies bound to 
value can be looked at in various ways. come. All this is quite apart, of course, 
For example, there are two phases of from its more immediate recreation 
self-preservation in the individual which value, which contributes to survival in a 
correspond respectively to the peace and_ very different way, counteracting as it 
war activities of nations. Peace-time does the danger of too much tension 
activities, individual as well as national, The two great fundamental values, 
build for the future—they store supplies, biologically speaking, are danger and 
put money in the bank, build up reserves security, and endlessly the instinct of 
of every kind ‘‘against a rainy day.’’ self-preservation concerns itself wit) 
Also, they educate, re-educate, invent, both of them—avoiding, coping with, 
explore, investigate, ‘‘create’’ and play. warding off or forestalling some danger 
And special ways of doing all these on the one hand; and working for, or 
things determine ‘‘cultural’’ values, in struggling for, or guarding some security 
an individual or in a people. Then onthe other. When these two primitive 
comes emergency, and all resources and and fundamental aspects of the instinct 
reserves have to be called upon. Perhaps of self-preservation are lost sight of in 
the enemy is actually bearing down on _ their relation to each other, we have the 
us, and mobilization in the literal sense various phenomena of decadence and 
of the word is demanded. Or, perhaps drifting—where pleasures and skills are 


the educative and investigative process continually sought as if ends in them 


‘ 


results in enough wisdom to foresee and selves, that is to say, without awareness 
avert catastrophe, without recourse to of any biological significance—survival 
‘“‘arms.”’ value—attached to them. This vague 
None of the peace-time values can be ness as to the meaning of activities is one 
correctly estimated, however, unless their of the chief causes for the confusion of 
contribution to survival is appreciated, values that meets us everywhere to-day 
and also the special way or waysin which It keeps the modern individual unedu- 
this contribution is made. It is the prep- cated and undeveloped in the all-impor- 
arational character that makes them seem tant region of self-knowledge, through 
important (which is what we mean by dwelling on secondary reasons for his 
interesting) even in play, where the in- own behavior because he has no under 
dividual is living in the present and _ standing of what is primary in motiva 
never thinking of any such connection. tion. 
The kitten does not know why it is so The fact that life is threatened from so 
excited by the falling leaves, and wants many different sources, some of them re- 
to play at catching them. It does not mote in time or space, calling for corre 
recognize this play as an unconscious spondingly different ways of coping, or 
kind of education in agility. Most ofthe escaping, or adjusting, has blinded us 
play of human beings contains some ele- increasingly to the presence of a common 
ment of such comparatively painless understandable denominator in the moti- 
education, and people struggle with their vation of behavior generally. We have 
scores, their form, their rivals, to over- become obsessed with our complexity 
come their own imperfections in this or and do not recognize the primitive foun 
that direction, and train new faculties, dation that underlies it all. And this 
agilities, discriminations, modes of co- is not surprising when we realize that 
operation and the like. The ‘‘fun’’ of play, for instance, besides its educational 
play is a device—another one of nature’s and recreational values, already men 
traps—to lure the individual into prepa- tioned, acquires tremendous values 
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prestige (which means survival in the 
group), and sometimes comes to be a 
source of livelihood as well. 

Once the attention is directed to the 
matter we can begin to see self-preserva- 
tion working in many unsuspected places, 
and often under forms that are opposed 
to one another. Activities that bring a 
quick relief from strain have it in com- 
mon with activities that strain and strug- 
gle for future success in this or that 
direction. And once these facts are 
realized, it begins to be apparent that 
there is not an art, a hobby, an ideal, but 
what is rooted in this biological necessity, 
under some one or more of its great va- 
riety of forms. Spiritual values are end- 
lessly concerned with it, defying death 
and fostering faith in more harmonious, 
enduring kinds of living. The virtues 
are concerned with it, making for social 
solidarity, and emphasizing protection, 
guidance and the giving and receiving of 
help in times of danger. Patriotism is 
self-preservation working overtime be- 
cause the group is threatened. . . 

It is not only in the realm of positive 
activities, however, that self-preservation 
values are to a very great extent ignored. 
We are extremely vague about the funda- 
mental nature of most of our negative 
activities as well, and often fail to see the 
sense of danger working even in our 
avoidances and hates. How many people 
realize, for instance, that their aversion 
for disorder is rooted in the feeling that 
there is menace in confusion—so that 
they either try to escape from it—as from 
the plague—or grit their teeth and brace 
themselves for an endurance test, as if 
disorder were advancing on them physi- 
cally—like a mob—and had to be re- 
sisted? And furthermore, how many 





people know that their everyday embar- 
rassments are nothing but confusion in 
evaluation, due to an inability to dis- 
tinguish clearly the elements of danger 
in the situation from those of security— 
or an inability to distinguish different 


kinds of danger from one another? T 
danger of being exploited and the day 

of giving offense are very likely 
present simultaneously, and it is o1 
very accurate appraisal of these elem: 

in the immediate situation that will p) 
duce a tactful mode of self-defense. A 
how many people know that ‘‘ difficult, 
even in seemingly trivial circumstances 
is often sensed as danger and reacted 1 
as such? Or that it is always the blurred 
but pressing sense of danger in any diff 
cult or complicated situation that causes 
people to escape from it and rush to s 
thing pleasanter where they can fee! 
ease, that is, secure? 

The fact is we are accustomed to t! 
thought of danger and self-preservat 
chiefly in connection with emergency 
matters of life and death like acc 
and fire—and largely fail to recogniz 
the self-same instinct working in its less 
dramatic forms. 

The many unsolved problems of dislik 
intensifying into hate, become more w 
derstandable when they are taken 
connection with an underlying danger 
sense, crudely aroused and quite unal 
to define its object with any deg: 
of precision. Children feel themselves 
threatened very often, for example, by 
inadequacy or imposition on the part 
adults. But since the older generat 
represents security as well as danger 
and with traditional emphasis always o1 
the former—the danger-sense is blurr 
and gets its only outlet in patterns of dis 
like, distrust and negative behavior 
general. 

This lack of precision in defining 
danger is one of the reasons why dis 
and hate, once they become unleashed 
tend to destroy much more than just t 
thing that really menaced to begin wit! 
It is not the reason generally given—! 
it is the reason which points directl) 
the only logical control of hate, name) 
through the development of a more dis 
criminating sense of what is harmful! 
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the environment. Even a single step in 
the direction of such development would 
be to put our feet on the upward path 
that leads out of emotional confusion. 

The dangers of prolonged emotional 
confusion are very great, as everybody 
knows instinctively, and they are now 
recognized by scientists as working havoc 
physically as well as mentally. The va- 
rious ‘‘escapes’’ that serve to divert at- 
tention from the difficulty are primarily 
an effort to avoid this havoc. In short, 
we must not underestimate the basic 
value of any escape which succeeds in 
replacing the misery of a cloudy and 
persistent sense of danger by a sense of 
ease and well-being. 

Unfortunately, this very genuine thera- 
peutic value is often counterbalanced by 
at least two forms of consequence which 
such escape behavior is likely to bring. 
In the first place, the person who escapes 
habitually through distraction will never 
learn to cope with the disturbing situa- 
tion—as is fairly well recognized in our 
friends, though not always in ourselves. 
But the second consequence is much less 
obvious and at the same time much more 
far-reaching. It is the inevitable con- 
fusion of values that results from habit- 
ual escape behavior. Comforts and dis- 
tractions come to be regularly sought for 
various secondary reasons, obscuring rec- 
ognition of the primary relationship 
between specific forms of security and 
specific forms of danger. 

Escapes that cause oblivion of danger 
as if by magic are seldom altogether safe 
after the period of childhood. This is 
quite aside from the complicating fact 
that some escapes are ‘‘good’’ in them- 
selves, like hobbies, and some are ‘‘bad,’’ 
like drugs. The fact is, anything at all 
may come to be used (as an escape) to lull 
the sense of danger, provided it is suffi- 
ciently engrossing. The point that needs 
especial emphasis is this: whenever the 
fundamental value of escape as such, in 
providing recreation and relief from too 
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much strain, is overlooked, the door is 
closed quite automatically on possibilities 
of coping with the original disturbance 
while another door is opened simulta 
neously to chaos in matters of evaluation 
The fact that in escaping from one kind 
of danger we often run directly into 
others must not be allowed to blind us 
to the fundamental principles of motiva 
tion. Nor must we be confused by the 
appearances of people choosing what is 
harmful instead of beneficial to then 
selves. Whenever this occurs, we may be 
very certain that the situation does not 
look that way to them. 
cide, commonly cited as a glaring excep 


Even the sui 


tion to the instinct of self-preservation, 
is actually escaping from some intoler 
able nightmare of a situation, that feels 
to him like an approaching doom. Then 
it becomes a case where one will choose 
the lesser of two evils, namely, an easier 
way todie. If you can give the would-be 
suicide a ray of hope for living, his re 
orientation in the direction of possible 
security will be accomplished automat- 
ically. 

Just as no person wants primarily to 
die, so there is really no one who wants 
primarily to be selfish or an egotist, but 
no way occurs to people very often for 
harmonizing their own self-preservation 
values with those of other indivdu: 
and hence a great variety of repreher- 
Our judgment of our 


ils ; 


sible activities. 
friends and enemies alike is greatly mel- 
lowed by introducing these biological 
considerations. Intolerance is the result 
of not appreciating how self-preservation 
works in other people. And it is for 
tunate that when we work for several 
ends at once—for future benefits as well 
as present ones—or for the group as well 
as for the individual—the greatest satis 


faction is experienced. 

Apart from this desirable effect, there 
is also, most fortunately, an unsuspected 
kind of strength that comes through 
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recognition by the individual of survival 
values in his own activities from day to 
day. It makes for self-respect and the 
emotional maturity that highly cultured 
people often envy in primitive person- 
alities in whom self-preservation operates 
more simply and more consciously. In 
fact, emotional maturity depends upon 


such recognition, and no one has to 
go adventuring in adolescent fashion, 


searching for danger-thrills to make life 
interesting, who is already geared into 
awareness of the omnipresent questions 
of survival that furnish dignity and 
meaning to all his daily choices. Danger 
is always either with us or just around the 
corner, and the thrill of ‘‘living danger- 
ously’’ comes through alertness to condi- 
tions as they actually are. 

The concept of self-preservation as the 
all evaluation is radical, in 
going to the roots of things, but is con- 
servative as well, for it explains and 
justifies all possible virtues that the hu- 
man race has striven for. These virtues 
can be very well summed up under the 
general heading: nobility of character— 
which most unfortunately is not in fash- 
ion nowadays. It represents a high de- 


source of 


velopment of the protective instinct as 
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found in persons who have thems 
become emotionally mature. 

The recognition of survival va] 
the basic value has a special impli 
for present-day democracy, which is 
ginning to be conscious of certain | 
ties that call for serious attention. 0 
civilization has tricked us somehow, s 
by step, into an era of dangerous]: 
otic thinking. This danger was not In 
vious, however, till we were threat 
by totalitarian groups which hav 
quired the solidarity that comes thr of 
the adoption of any common set of values 0 
How to emerge from our confusion y 
out resorting to pre-civilization levels js a 
our immediate concern; how to cons 
our liberty of conscience without b 


ing always more chaotic. qu 
If we believers in democracy p1 — 
to go on trusting in the individual sens all 
of values as heretofore, it is clear we must e 
provide some standard of evaluation t! - 
all can share—and one that is beyond sine 
controversy, because it is in line y an 
common sense; a standard that allows | est 
interplay between the ‘‘selfish’’ interests ol 
and ‘‘unselfish’’ ones, and introduces ar 
biological significance into the ane 2 | 
and indispensable ideas of good and ey of 
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MYCETOZOA, ANIMAL-PLANT ORGANISMS 


By LLOYD G. CARR 


MOUNTAIN 


In the realm of ‘‘nature in minia- 
ture’’ there are many odd and interest- 
ing organisms worthy of special atten- 
tion. Here may be placed the slime- 
molds or Mycetozoa, certain inhabitants 
of galls, unicellular algae, protozoa, and 
others. Most of these require optical 
devices for detection, but to the sharp 
eye the fruiting bodies of the slime- 
molds become at once visible. 

Discovery of the fruiting bodies re- 
quires careful examination of rotten 
leaves or decayed logs. Moss occasion- 
ally affords an adequate base. 
leaves collected at the foot of a wooded 
incline, and leaves collected in shaded 
rock pockets are favorite spots. I have 
always been successful in locating inter- 
esting and odd forms around the sides 
of shaded limestone sinks. Such sinks 
are bowl-shaped in outline and present 
a gradual decline terminating in 
of water. Cliffs with out-jutting pro- 
jections are usually present on the sides 
of the sinks. These projections afford 
excellent pockets in which leaves collect. 
In the process of decay the leaves hold 
much moisture and furnish a medium 
for the growth of bacteria. In these 
places and under such conditions the 
slime-molds thrive. Those forms fond 
of lime will be found particularly in the 
sinks, for water seeping over limestone 
carries with it copious quantities of dis- 
solved calcium carbonate which easily 
becomes available for the slime-molds’ 
incorporation. 

Favorite spots for forms requiring 
little lime are shaded edges of ponds or 
moist ravines and Here, in 
leaf or stick-heaps, on rotten stumps or 


Logs or 


pools 


hollows. 


1My appreciation goes to Dr. Ivey F. Lewis 


for interest in this manuscript. 
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display of forms usually 


logs, a varied 
the 
forms will be found only on logs; others 


awaits earnest collector Certain 


slime mo ds 
confine themselves to more specific hab 
tats. 


that occur regularly each season on dead 


on leaves, whereas a few 


For instance, there are two forms 
chestnut burrs and rarely appear else 


where. Arcyria globosa, the netted 


slime-mold, and Craterium concinnum, 
the goblet-shaped slime-mold, select this 
special home. 

The ‘‘fairy ring’’ slime-mold or 


Physarum cinereum is frequently found 
on lawns and has been referred to as 
the ‘‘lawn marvel.’’ To 
ring formation 
from six to eleven feet on a green back 
Another 
species that frequently turns up is the 
‘flowers of tan’’ or Fuligo septica. It 
has a fondness for decayed sawdust piles 
where it 
masses covering several square feet. It 


its fairy 


see 


‘ 


enclosing diameters of 


ground is an impressive sight. 


often spreads in compact 


is readily detected by the yellow crust 

that envelops the small ‘‘puff-balls.’’ 
Best results are obtained in ‘‘myceto 

and fall 


zoanizing’’ during the summer 


months a few days after a rain, when 


almost any rotten log will furnish 
myriads of fruiting bodies in little 
fairy-like colonies. 

Considering the slime-molds, which 


the zoologist calls Mycetozoa (fungus 
animal) and the botanist Myxomycetes 
(slime-fungus ) with 
a group possessing a unique life history, 
structure 
forms. As the names applied indicate 
these organisms hold affinity with both 
plants and animals. From the 

blance of the fruiting bodies to small 
puff-balls the early workers naturally 


we are confronted 


and a variety of unusual 


resem 








176 THE SCIENTIFIC MONTHLY 


included them with the fungi, but when 
their life history was more completely 
understood through the efforts of Fries, 
Wallroth, de Bary, Cienkowski and 
Rostafinski, early pioneers in biological 
thought, there was doubt as to where 
they belong. 

The change of this organism from an 
animal to a plant status may be noted 
by bringing home pieces of wood or 
leaves carrying the seething plasmo- 
dium, which has resulted from the 
fusion of germinated spores that finally 
produce the slimy mass of protoplasm. 
In almost any tract of woodland this 
gelatinous growth may be located. It 
appears rather conspicuously in its yel- 
low, orange or white coats, trailing over 
leaves, bark or fern stipes, where it some- 
times forms a lacy pattern. I have seen 
it climbing old tree trunks to prey on 
the rich supply of bacteria afforded by 
the decaying wood. By placing the 
wood or leaf substratum in shallow 
dishes which have been lined with mois- 
tened paper, we may see the protoplasm 
forming hundreds of little ‘‘ puff-balls.’’ 
First the plasmodium will become 
thicker and less fiuid-like; then the 
globular bodies that finally terminate as 
mature sporangia will follow. Similar 
results may be secured by germinating 
the dried plasmodium or sclerotia on 
moist paper, with intervals of feeding on 
oats until fruiting ensues. 

Careful examination of the structure 
of these bodies reveals a unique com- 
plexity and discloses to the curious 
observer fascinating aspects for inves- 
tigation. On crushing a ‘‘puff-ball’’ on 
a slide in a drop of water, with subse- 
quent microscopic examination, there 
come to view many spores variously 
scattered throughout the field of vision. 
Often these are attached to a thread-like 
net or capillitium that is characteristic 
of most of these organisms. High mag- 
nification shows delicate sculpturings on 
the spores. The mosaic may be a reticu- 


late net formed by the union of numer 
ous bands or rings, some of which 
pitted. A few forms have spores wit 
warts generally distributed over 
surfaces, whereas a number have bulb. 
resembling protuberances. 

The fruiting bodies of the nett 
arecyrias and hemitrichias, the gol 
shaped crateriums and the lime-knott 
physarums are beautiful in color, s} 
and structure. They may be iridescent 
approaching the hues of the rain} 
blue or green, orange, red, rose, yelloy 
or nut brown. Their ‘‘puffballs’’ cd 
velop as pretzel or snake-like bodies 
in groups where individual sporan 
are indistinguishable, but more fr 
quently display distinct and separat 
units. 

External examination of the ‘‘m 
balls’’ presents walls that function 
holding together the mass of nett 
threads. Occasionally there are tw 
walls evident and sometimes thre: 
These may be closely compressed 
slightly raised over the spores. In t! 
physarums, badhamias, didymiums, 
ligos, ete., the walls are composed 
crystalline lime granules. This condi- 
tion results when the plasmodium at th: 
time of fruiting discharges a copious 
quantity of lime in aqueous solutior 
Subsequent evaporation of the limy flu 
segregates the granules into compa 
walls or layers. These may assume 
stellate or spherical shape. The ph: 
sarums, crateriums and fuligos possess 
rounded granules in their structures 
while the didymiums have the stellate 
type. 

The action involved in wall-and- 
‘‘puffball’’ formation and _ granular 
segregation is interesting. Robert 
Hagelstein has described the curious 
phenomenon in the stellate forn 
Didymium crustaceum 

The outer crust of pure lime crystals is here r 

2 Robert Hagelstein, Mycologia, 30: 3, May 
June, 1938. 
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rded as distinct and forming separately from 
the sporangium proper. It is very fragile, 


ga 


and disappearing with the slightest 
listurbance. When perfectly developed it is 

t attached to the sporangium but covers it 
like an inverted jar. It seems to form by the 
rapid evaporation and crystallization of the 
saturated medium containing lime in solution 
which is discharged by the plasmodium when it 
divides to form sporangia. The outer side 
would be smooth from surface tension. As spo- 
rangial formation proceeds within, and with 
nsequent contraction, there would be a layer 


erumbling ¢ 


of the liquid between the outer formed crust 
nd the forming sporangium. By evaporation, 
further crystalline deposits of lime would be 
made wherever the liquid touched, principally 
on the forming capillitium and spores; on the 
stalk, or from it to the outer crust along the 
habitat base; or as connecting masses between 
the sporangium and outer crust. These deposits 
nay be observed in many sporangia. The con 
fined liquid also plays an important part in the 
shaping of the irregular sporangia, conforming 
them to its pressure or the shape of the outer 
crust. 

Dehiscence of the sporangial wall de- 
serves special note from the artistic 
patterns which are formed. Often the 
wall falls backward in a petaloid fashion 
resembling the petals of a miniature 
water lily, as in Diderma Treyelyani. 
The goblet-shaped crateriums possess 
well-defined lids which open on the 
slightest provocation. Often while col- 
lecting we will find a number of goblets 
with their ‘‘eaps off’’ and contents 
blown far afield. 

Upon opening, the ‘‘puffballs’’ dis- 
close their beautiful fluff of threads or 
eapillitia among which the spores are 
scattered. These conform to a special 
system that may be a meshed net as- 
suming the appearance of a window 
screen, or perhaps a mass of free 
threads without any connections to the 
walls may be present. In some forms 
the threads are assembled around a main 
stem, as in Stemonitis and Comatrichia. 
The threads in most of the forms usually 


show unique sculpturing. 
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In examining the threads of Arcyr 
and Hemitrichia 
aspect of the slime-mold’s structure is 
brought to light We note that the 
threads of Arcyria are decorated with 


another fascinating 


numerous cogs or spines, while Hem 
trichia turns toward the spiraled type 
The spirals are distinct and may easily 
be counted. 

In Trichia we meet a capillitium com 
posed solely of free threads haphazardly 
arranged in amass. These threads when 
at play exercise a quick jerky, elater-like 
action that assists in dispersing the 
spores. These elaters appear as thou rh 
they are wound with fine strands of 
yellow silk. 

In the physarums, crateriums and 
fuligos capillitia of knots filled with 
rounded 
lime-knots are colored in tints of red, 


granules are evident The 
orange, yellow, brown and white, being 
disposed in fusiform, angular’ or 
rounded groups, which are connected by 
hyaline threads. The picture of knots 
as a whole forms a fantastic and odd 
pattern pleasing to the artistic eve. In 
the badhamias there exists an irregular 
papery mass of lime built as jagged 
partitions throughout the fruiting 
bodies. 

In our brief survey we have en 
countered a complex organism carrying 
on its existence in much the same way 
as higher organisms, revealing the 
features that associate it with life, and 
maintaining its status in its own sphere 
of unity on as high a scale of perfection 
as the more advanced animal and plant 
groups. The uniqueness of the group in 


representing a link between animal and 
plant life, through its transformation of 
a streaming protoplasm into hundreds 
of tiny ‘‘puffballs,’’ 
tures the close relation of animal to 
plant and their connecting cord 


graphically pic 
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WHEN THE EARTH SHAKES! 

Tue author of ‘‘Our Trembling Earth’’ 
is the distinguished head of the Fordham 
seismological observatory and chairman 
of an active committee on amateur seis- 
mology. The book fills a gap in the 
limited list of publications on earth- 
quakes by presenting an account of the 
complete field of seismology in a popular 
and humanistic style. The layman whose 
knowledge of earthquakes been 
limited heretofore to newspaper accounts 
will find much satisfaction in the present 
book. 

The author, after summarily discus- 
sing the nature of earthquakes, explains 
how they are located from instrumental 
records. He devotes interesting pages to 
the geological interpretation of seismo- 
grams, and shows, with the help of repro- 


has 


ductions of actual seismic records, how 
the latest knowledge of the internal con- 
stitution of the earth has been acquired. 
In this regard, he proposes some original 
theories of his own. He emphasizes the 
remarkable and exemplary cooperation 
between the observatories of individual 
stations, the Coast and Geodetic Survey 
and the Jesuit Seismological Association. 
The inevitable question: ‘‘Of what value 
is the instrumental study of earth- 
quakes?’’ is answered by the author in 
three chapters devoted to the aims, both 
practical and academic, of seismology. 
The book closes with a discussion on 
amateur seismology, including instruc- 
tions on how to build instruments capable 
of recording distant ’quakes. 
Throughout the book, human interest 
is heightened by off-the-record stories of 
incidents, both happy and tragic, which 
break the humdrum routine of the seis- 


mologist. ‘‘Our Trembling Earth,’’ 
1Qur Trembling Earth. Joseph Lynch, 8.J. 
Illustrated. 202 pp. $3.00. 1940. Dodd, Mead 


and Company. 


written in a sparkling style by a s 
of wide experience, is an up-to-t 
ute and remarkably complete p 
seismology. 

WALTER J. RHEIN, S.. 


PRACTICAL AND THEORETICAL 
CULTURE STUDY! 

At last, a full exposition of the « 
historical method of ethnology is 
ble in English. Recognizing that ‘ 
ner’s earlier presentation of the 1 
of the Graebner-Schmidt-Kopp: 
Vienna historical school give: 
‘*Methode der Ethnologie’’ (1911 
difficult even for German-speaking | 
to understand and evidently hoping 
a comprehensive statement of its posit 
that included answers to many crit 
would disseminate a wider 
sion and therefore 
views, Father Schmidt wrote ‘‘ Hand! 
der Methode der Kulturhistoris 
Ethnologie’’ (Minster, 1937), of 
the present volume is a translati 
S. A. Sieber. 

It is perhaps far more important 
methodological considerations to 
nize that use of a certain method 
means guarantees consistent results t 
it is to attempt criticism of that m 
As a matter of fact, the quarrels bet 
the various schools of anthropology 
generally turned less upon their abstract 
methodological declarations than w 
what they think is worth doing and ° 
they actually do. Stripped of a 
application and reduced to abstract 
contending views are usually seen not t 


colipre 
I 


acceptance ol 


be irreconcilable but to contribute grist 


to some common mill. It is some 


astonishing that a school that has 
duced results that are so general!) 
jected in America as those of the V 
1 The Culture Historical Method of Eth 
Wilhelm Schmidt. 
Fortuny ’s. 
178 


xxx +383 pp. $5.00 
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should have a ethodology wWhicl met 
ost entirely acceptable And vet ! 

s scarcely an assumption, hardly mel 
nt of logic in the present volume fro. 
which one will seriously disagree 
er Schmidt has expounded witl | scl 
varable. almost tedious, thoroughness rept 


rule and subrule for reconstructi 
ire histor He has squarely met mer 


ous criticisms of his methods and whi 


vn that evervthing from archeolog) al Vir S R 
inctionalism and even a psvcholog Kirst an S \) e 
approach IS theoretically compatible been absory ! 
th his point of view and can contribute groups at tl 
story The details set forth for ap the Vienna scie sts | 
ising and utilizing source materials res and muse S < } “ 
Chapter II) are not likely to cause dis- The pressu has 
eement Even the means for estal Americans ttle time for met} 
shing culture relations (Chapter II]), ne but has S 


liture cir 


irkreise (translated ¢ 


| culture strata (Chapter IV), inter- mate 
culture development Chapter V or persona acauainted with thos 


and culture causality (Chapter VI) con are 


adome so has ‘ ~ 
tain very little that is truly contro formal and mi } R < 
ersial. No one will seriously doubt that — ples concerni: Seo 

» or more culture complexes made up meaning and criticism of sources (¢ 
of elements which are sufficiently sim ter Il, pp. 83-135 ritten by K . 
lar (qualitative criterion) and suffi- than a person who has ross 
eienthy numerous quantitative er many times has ry R 
terion ‘‘sufficiently,’’ of course, Is) each step t is understandal 
subject to individual interpretation—are — these rules sl ha hee) 
venetically related, especially when due where research was ma nm the 


consideration has been riven to the reo i 


graphical situation of the complexes, to also 
tr? 


‘organic unity’’ of the cultures, to ced) 


; 


nd to other pertinent factors all oft strac 


which Father Schmidt reduces to a long mp 
series of rules. One could agree, in fact, Ame 
with every word of Father Schmidt’s 


nt 1 


resentation of method and vet remain history on a world seale. At 


no less skeptical of the historical recon devoted thems« s to restricted t ‘ 
structions that he has so abundantly areas This is not done beceans 
made and published, in many other works Father Sehmidt seems to conte 


How is it possible that selentists can have a predisposition to regard tl 
agree on abstract methodology and vet ture area as the ultimate histor 
arrive at substantially different conelu to which he opposes the kulturkreis 
sions ? because of a co tion that the most 
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detailed the continuum of cde 
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velopment of each loeal, functioning 


culture unit Furthermore, Americans 
tend, admitted| or not, to adopt a some- 
Father 


Schmidt is frankly and thoroughly 


what scientific attitude, whereas 


his 


torical and = nonscientific Even the 


chapter on ‘‘culture causality’ regards 


causes as the specific antecedents of par 


ticular events, not causal factors 


as 


which, from a scientific point of view, 


produced a similar ef 
that Ameri 
Interpretations often 


have repeatedly 
fect And it 


historical 


Is significant 
cat 
resemble Father Schmidt’s in proportion 
disavow a 
differ 


American 


as the authors deliberately 
The crucial 
the 
Vienna schools is that the former, makine 


detailed oft 


scientific approach 


ence, then, between and 


studies culture process 


restricted areas, see like causes producing 


like effects—for example, agriculture, 
house types, clothing, social institu- 
tions—perhaps once in each hemisphere, 


perhaps many times different locali 
Thus, disputing Father 


Schmidt's abstract rules, they doubt that 


in 
ties without 
cultural similarities in different parts of 
the 


venetic relationship and are reducible to 


world are usually explainable by 
kulturkreise and sequences 

It is ev ident. therefore. that the essen 
tial differences in interpreting ethnologi 
data the 


formal 


more subsumed in 
this 


than they are in most American theories 


cal are no 


rules presented in volume 


that are presented in vacuo, but that they 


are nevertheless real and are clearly im 


plicit in much actual research. The 
implication would seem to be that it 1s 
incumbent on Americans to make their 


own methodology more explicit but that 


ror 


the present, at least, methodological 
declarations will be far clearer and more 
convincing if they are embedded in pieces 


It 


however, that, in clarifvine 


of substantial research. is almost an 


obligation, 
their own methodology, Americans give 


Father Schmidt’s volume the most care 
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It 


palnstaking 


ful contains s 


consideration 


solid thought and 


that, as Kluekhohn remarks in his 


ace, **To follow the areument 


reasoned structure 


intricately 


means an enrichment of one’s ov 


spective Ol techniques, met} ods, 


and methodology, ”’ and. we might 
on himself 


Sy 


JULIAN H rl 


AN ELEMENTARY BOOK O) 
CONSERVATION 


THis isa school text book On cons 
and ore 
It 


thro 


tion, superbly planned 


well made aiid illustrated 


written as to sustain interest 


Two chapte rs are devoted To t} e pl 


and historical backeround of A) 
wastefulness which has made cons 
tion such a live issue. The ren 
seven chapters are concerned, in 


with soil, water, forest, grassland 
life, 


balance and completeness ol ti s 


minerals and human resources 


ment are admirable. 

The animating idea of the book 
fold 
and critical problem 


First, conservation is an imme 
Second. eve 
It is ti 

Th 


ciple of sustained vield is emphas 


can do something about it 
here distmetly as an activity 
the very heart of the conservation 
prise, 

In of the 


spread use, the reviewer hopes that 


view likelihood of 


lisher and authors will take occasi 
revise the book soon. eliminating a 


ber of scattered but significant ble 


These appear particularly in the n 
tant early chapters. For example 
page 4 occurs the statement, ‘* Nat 
resources by themselves exist 
friendly neighborhood of  help-one 
other.”” The idea of good-will belons 
this book, but certainly not in that 
text In fact, on page 6 the authors 1 
This Our Land KE. G. Chevne 
Schantz-Hansen. Illustrated 7 om - 


Webb Publishing Company 
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hatura 


squabbles. ”’ This is all dangerous In a study l l 
» put into the elementary schools omplaints refet reans tn : 
larly in a country which is suffer as a whole has be 
sis ours, Trom wide-spread scientific Ke hanyv Vorumes . 
. terature, ut es tl . 
n. in discussing the verv basis of Ofle approach tf th = Crs 
hole problem, the balance ot nature, sonality Tuncet 
s not the slightest hint of the role Psychobio ‘ . el fas U pays 
| by solar energes The SOL is ology oF the nana : ; ee 
ed with being the source of food,  personatit 
ference on page 51 even supplying properties of orga Ween Witt — 
; Nor is the vital fact that soi] ™etabolism a es a oe 
sents ah organized svstem suffi = = =P _ , 
developed con ans 1 as — 
Elsewhere the impression Is given that other than the w _— 
tern China has been converted into ae Can & - ni . . 
sert im the past two centuries Ken fested m act _— ; 
West Virginia and Tennessee are ne vers : . S 
talogued as part of a region free fron aon ee ee ee ' 
ntains. The ocean is likened to the ' nd or that erly 
Sahara desert in that it has numerous 7'@tec mn the 1 = 
ses below the surface: the location and zation 
ortance of plankton is ignored. The Psychobiolo a echoed 
thor uses the debatable distinction be of the menta eee re : 
en renewable and unrenewable re numan beings, bot! yr saagcaccace 
sources. Renewability depends less upon 0"@S: While psychiatry 1s 1 
resources than upon ourselves ee ee eee : 
he makine ot text hooks S SOCPrLOUS ~ggay wi “ 2" “3 ee re 
siness, 1n whicl the best ol authors the ets Routers — le 
eds expert heip from his publisher ” Pew er Sa Seen 
\uthors, publisher and public alike will pyomy & er a 
efit by an adequately revised edition ae gee: : =e ei 
tl! is excellent book m uly etre | — 
[It should be noted that Jay N. Darling, 30 catty regener 7 
tron saint of conservation. has con -a08 gna pen 
buted a pungent foreword, as well as ee ce re ag | ’ 
use ot his classic cartoon. ‘Outline ee P Wr shag : 
* sea stimulating he relat 
Pau. B. SEARS adeno Peale Hy emponeny Regen 
psvchobiolog s t 1 thie . 
THE SCIENCE OF PERSONALITY mentary Sucent. Ur. 5 ie 
FUNCTION principles of psychotherap 
THis text is adapted to a didactic study ere Se ae 
cs ened to emphasize to physicians the definition of treat sli been 
ue of practical examination, under ternational Dict 
{ Handbook of Elementary Psychob eo 
Psychiatry Edward G. Billings. xix + 27 combating of his - 
$2.00. 1939. The Macmillan Compa R. HW. G 
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THE PROGRESS OF SCIENCE 
MICHAEL FARADAY, 1791-1867 


\ViicHaEL F’arapay, the son of a black- worked out by experiments the 
th, was born 150 vears ago in London, lating to eurrents in the two 


; 


vland. In his vouth he was appren- These results lie at the basis of 


| as a bookbinder, and in his early = struction and 


inhood he became a chemist Among transformers 
s contributions as a chemist, he liquefied — the present 

eral gases, he studied several alloys of power plants 
el and he produced several new kinds — Paraday was 


optical glass. His great fame rests, 


z attacks on 
wever, almost entirely on his discov Henrv. in 


es of the relations between electricity 
3 . HS WOrk 
i magnetism. 
= nothing 
It is extremely difficult now for us to 
. 7 * $ the ot} er 
nderstand the state ol knowledge ol t] 

. . . tric’ satine 
ectricity in Faraday’s day It was 
ao Known region 
nown that it is not conducted by glass i 
os Ww rr 
it that it is conducted by copper, a sub ' 
theory has hes NH 
tance several times as dense. It was ) . 
. ePlTeceTriclty Is veneratl 
ong before there were any plausible ex Pieny, : 
' . "OT; “ eces Of r30Hn 
planations of how electricity is con by rotating p 
ducted through certain solid bodies. A  W!res 1p the n hb , 
more mystifying property of electricity ©! !"en Wrapped 
is that it is related to magnetism. By  terious energy 
1820 Oersted was making approaches to silently along \ 
the subject. In 1821, one hundred and horsepower along 
twenty vears ago, Faraday published his from towers. A 
first paper on the relations between elec wholly undisturbed 
tricity and magnetism—that electric cur energy they carr) 
rents will produce macnetic effects in far, the energy is transformed 
their vicinity and that magnets moving voltage by equally astonishing 
near conductors will produce electric ‘Two sets of coils 
currents in wires with which they have each other, but 


no physical connection. Apparently The electricity 
these phenomena flatly contradict the certain voltage; it 
theory that physical phenomena neces- a different voltage 
sarily depend upon successions of con point it is transformed 
tacts of physical objects At any rate, voltage that is safe 
the observed phenomena were astonish- bution of industries and 
ng. Faraday not only discovered them a thousand other aspe 
but worked out the laws that describe depend upon the propert 
their quantitative relations energy mentioned here 
In 1831 Faraday published a paper in Consider for 
which he deseribed how an electric ceur- munication wl 
rent in one wire could generate an elee- same principles 


tre current in a suitably placed but rents in the send 


vholly independent second wire and responding e 
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They move witl e speed 
Are they transmitted by 
ol the ether i 


tend to hide 


reflected 


! 
oul ene 
from the 
el Is so high above the sur ace o Tie 


tl that we ordinar \ 


acuum. Perhaps they are 


earth's surface 


iin this time by the 
ter repeated renviecTions 


distant wires in which they gen 


~ f 


feeble electric currents 


ite extremel\ 


transtorma 


\fter amplifications and 
nto a Vole 


These 


ms they may be turned 


om Europe or South America 
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THE ADVANCEMENT OF SCIENCE 


Memeers of the American Association 
for the Advancement of Science and ot 
ts affiliated societies for several months 
ooked forward with happy anticipations 
to the meeting the were to hold at Dur 
ham, New Hampshire, from June 23 to 
All their anticipations were 
realized. They found that the University 
of New Hampshire is delightfully located 


June 28 


na gently rolling country between the 
lakes and the sea; that its buildines are 


ommodious and well appointed; and 


that excellent arrangements had been 
made to provide for the comfort of all 
who attended the meeting. For a few 
days the scientists who gathered at Dur 
ham lived peaceful and harmonious lives, 
almost unmindful of the tragie events 
that were disturbing the world. 

There were only two general sessions, 
the first 
Gamma Mu, the National Social Science 
Honor Society, at which Dr. F. R. Moul 


ton spoke on ‘‘Our Social Order,’”’ and 


under the sponsorship of P 


distinguished address on 
‘The Basis for Faith in 
by Dr. Max Schoen, which was delivered 
inder the auspices of the New Hamp- 
shire chapter of the Honor Society of Phi 
Gamma Mu and Phi 


the second a 


Democracy “id 


Kappa Phi. Pi 
Kappa Phi sponsor addresses at summer 


> Ti “¥ 
meelTIMYes 


cet ol 
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Chapters ot 
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ies 
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the fact that n 


and differences the 


elces ha e 
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and to their e 
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the Field 


three 
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human welfare 
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t 
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House 


hundred 


Havdn’s The € 


ment was by the 


Orchestra ot 


noon an exhibition Ol 


a wide variet\ 
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T tS i 
TS (>) 
Vv pro 

if W 
and fi 
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During 


hundred 
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were presente 
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discussions 
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papers on botanical subjects, a program 
on psychology, a series of papers on 
population questions in New England, 
eighteen papers on medical subjects, a 
group of papers by the American Psy 
chiatric Association on civilian morale 
and a large number of papers on various 
problems of agronomy, forestry and 
horticulture. These numerous formal 
sessions were, however, only a part of the 
program of the meeting. The meteorolo- 
gists joined in an excursion to the sum- 
mit of Mount Washington, the highest 
mountain in New England. The geogra 
phers and geologists conducted a one day 
field excursion for the examination of 
veographic and geologic features of the 
Durham area, and a three-day excursion 
through the White Mountains, including 
the ascent of Mount Washington, for the 
purpose of examining the evidence in 
support of the recent interpretations of 
some of the most complex mountain for 


mations in the United States. Of all the 





THOMPSON HALL, ADMINISTRATION 


scientists, the botanists took the 1 
tensive excursions. They not onl) 


the White Mountains and Mount 


ington, but also most of Maine 


phytopathologists visited plant r 


laboratories and experiment stat 


various parts of Connecticut. T 


t 


rey Botanical Club. the Ecologica 


ety of America and other societies 


in exeursions to Mount Mon 


Spruce Hole, Cedar Swamp and 


interesting localities 


the foresters and the horticulturi 


The agron 


; 
~ 


ticipated in many field trips to po 


special interest to themselves 


As interesting and enjovable 


excursions and field trips were, the 


not simply pleasant outings. On tl 


trary, they were taken with serio 
poses and undoubtedly contrib 


much to the advancement of se 


i 


would an equal number of days cd 


to listening to reports on scientif 


vestigations It is a character 


BUILDING OF THE UNIVERSITY 
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HAMILTON SMITH 


LIBRARY OF THI 
science that it generally combines work 
the 


hours of a scientist are his most strenuous 


and pleasure, and often happiest 

In the case of the section on the social 
and economic sciences the program con 
sisted entirely of sessions for the presen 
tation of papers. The general themes otf 
the six sessions of this group were the 
origins of the peoples of New England 
and their social and political problems. 
Too often it is carelessly assumed that the 
present people of New England are the 
the other 


descendants of Pilgrims and 


PRESENTATION OF THE MEYER MEDAL TO DR. EDMUNDO 


PROGRESS OF 


SCIENCE 


UNIVERSITY OF NEW HAMPSHIRI 


early settlers latter of fact, late 
immigrations of Irish, French Canad 


othe! people 


picture The 


Italians and many 


alis, 


have entirely changed the 


mans miteresting consequences oO Hee 
almost unparalleled transformations 
populations in one of the oldest sect 
of our countrv were cadiscussed lia sel 


of very distinguished papers. Their pub 


licat on would he an mportant eontrib 
tion to an understanding of present New 
Eneland KF. R. Movu.itron 


NAVARRO 


DE ANDRADE 


In recognition of his outstanding ac 
the and 
itilization of Eucalyptus in Brazil, the 
council of the American Asso 
ciation has awarded Dr. Edmundo Na 
varro de Andrade the Mever Medal It 
was presented at the U. S. Plant Intro 
luction Station at Dale, Marv- 


complishments in introduction 


Genetic 


Glenn 


the 


Navarro is the seventeent! pla 


land, on 


plorer TO he awarded the 


which was established in 1919 mel 
orv of Frank N. Mever, who for 1 
vears combed fat orners of C1 


find new plants for American farms 


vardens 
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EUCALYPTUS FOREST 


IN SAO CARLOS. 


ROAD ARI 


rHeE 


RIGHT 


rHE 


TREES ON TH LEFT 


ELEVEN YEARS O1D rHOsS! 


AR 


t 


rWO YEARS OLDER, 


SIDI 
ON 


In making the presentatio 
of the council of the Ame) 
Association, Mr. B. Y. Morris 
the plant introduction set 
UC. S. Department of Agr 
that fortunately not only the 
migrants travel, but the peop| 
concerned with their wander 
Thus the small rroup ol pial t 
and experimenters with me 
over the world represent a 
ful and in such a time of stress 


important bond between the 


Furthermore in so uneerta 
this brotherhood of pvlantsme) 
their common interest somet! 
and relatively solid and wnel 
the living plants themselves, rat 
svmbolisms and abstractions | 
ing bridges of closer relatio 
tween the Americas such so 
are to-day most valuable 

Following the award Dr. Na 
an evening lecture at the audit 
the Cosmos Club in Washineto 
he told in some detail his exp 
and experiences with Kuea 
Brazil He graduated from th: 
sity of Coimbra in Portuga 
and later that vear was ap) 
Antonio Prado, president of thi 
ista Railroad, to find ways to 1 
fuel needs of the railroad. Sn 
is used for fuel on most of the B 
railroads, Prado saw that the imp: 
use of the forests for fuel was e) 
voing to be disastrous unless grow 
utilization could be balanced T 
this problem he established a 
section and put Navarro in charg 

To determine which species o! 
grew most rapidly in Sao Pau 
varro established extensive tree 
ings with over a hundred species 
most promising native Braziliai 
and with as many introduced trees 
could lay his hands on. Amon 
were some Eucalyptus Navan 


brought back with him from Port 
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THE MEYER MEDAL OF THE AMERICAN GENETIC ASSOCIATION ; 

Left: ON THE LEFT IS A WHITE-BARKED PINE COD AND ON Ht : 

{INESE JUJUBE. THE CHINESE INSCRIPTION IS ‘‘IN THE GLORIOUS 4) Oo : 

PLANTS HE TAKES DELIGHT.’” Right: A SCENE DEPICTING Q ; 
H AND O 


+ & 


others were obtained from California could possibly be as good for ai 


and South Africa, and later many more pose as some of the numerous nat : 

’ from Australia. Of all the trees tested trees of Brazil. Appeals to experiment j 

the best of the eucalypts far outgrew on a large scale proving that the : 
: competitors. per acre-vear ol Kucals ptus wore 
: In order to get the best adapted species exceeded that of other trees only sli 


Navarro visited the United States in the attack to other points—the 

1910, and three vears later the homeland would not burn, the smoke would 

of the genus, Australia. There he re- or asphyxiate the locomotive crews 

ceived the cordial help of Professor J As for using Eucalyptus for any oth eC 
H. Maiden, the acknowledged world purpose, preposterous! The camp 
authority on this genus He was able of demonstration and education to pre 
inder Professor Maiden’s guidance to the falsity of these objections took 


round out his already wide knowledge than the experiments to determine the 


f the genus. As a result of these jour- best species in the first place. This is a 
neys Navarro established at the Rio the more curious because coffee, thi 
Claro Station in Sao Paulo an arbore- premier money-crop of Brazil, is its 
tum containing 123 species of Eucalyp- plant immigrant 

tus, the most extensive collection of trees In recent vears Dr. Navarro’s 


of this genus to be found anywhere in fight for the acceptance of Eucalyptus 
the world. has silenced effective opposition. The 
Through mass plantings under varied Paulista Railroad, which sponsored th 
conditions Navarro chose about two first experiments, has led in putting thes 
dozen species which were bes* adapted experiments to Work To-dav this ra 
for forest planting in Brazil. When he road has seventeen huge Enecalyptus 
undertook to gain support for this proj- forests totalling 21 million trees, wit! 
ect to balance Brazil’s firewood budget projected additional plantings at th 
he was met with almost fanatical oppo- rate of two million trees a year unt 
sition, an intense botanical chauvinism total of 35 million is reached. This w 
which denied that any imported tree meet the fuel needs of the 1,800 miles of 
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EUCALYPTUS IN SAO CARLOS 


wood-burning line maintained by the 
Paulista Company. Other Brazilian 
railroads and other large users of firewood 
and timber have followed suit, and _ to- 
day forests of over a hundred million 
Eucalyptus trees have greatly changed 
the landscape in parts of the state of 
Sao Paulo; and the Eucalyptus popula- 
tion of the rest of Brazil totals at least 
another hundred million trees. The ne- 
cessity of plantings for future use has 
been recognized in a recently enacted 
Brazilian law which requires that all 
large users of wood for fuel maintain 
reforestation projects, with annual 
plantings large enough to meet at least 
part of the needs. 

The rate of growth of the best adapted 
species of Eucalyptus is amazing. 
Growth of six feet the first vear is not 
unusual, with equally rapid gains in 
height the second and the third vears. 
One instance of over five meters growth 
(17 + ft.) was recorded of a seedling 
set out only six months before. Plant- 


SEVENTEEN MONTHS OLD 


ings to be used for fuel are cut 
enth vear, by which time the tru 
large enough to be used for fence 
Trees fifteen vears old are large « 
for telegraph poles, and twent 
vear old trees vield railroad ties 
wood resists decay well, though 
ally chemically treated when 
posts or as railroad ties 

Navarro’s 


fight to gain acceptance of the Eu 


In reeognizing Dr 


tus in Brazil, the award of the M 


Medal ealls attention to a unig 
outstanding chapter in plant inti 
tion. Curiously enough it also ma 
lead to a new use of Eucalyptus 
country. Sao Paulo has a climat 
like Florida and other’ southea 
states, where reforestation Is a s 
problem. The species which Dr. N 
has found best in Brazil should p: 
be tried in our own southeast, 
even less spectacular growth might 
make them very useful. 

RopertT ( 
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THE 


CONFERENCE ON MOLECULAR STRUCTURE 


SUMBER of men of sclence inter 


the structure of molecules' were 


by the Graduate School of Ohio 

> University to meet there for a con 
e during the last week of June 
pies discussed comprised the ele 
structure of molecules; their rota 


and vibrational motion; the appli 
these To tl ce 
ther 


vnamie behavior of gases and liquids ; 


n of our knowledge of 


anation and prediction of the 


the extension of our know ledge trom 
s and diatomic molecules first to the 


ler polyatomic molecules, and then 


large, and even ‘‘giant’’ molecules 
Reviews were made of our present infor- 
mation, and accounts were given of work 
n progress. 

The electronic structure of atoms and 

ions both in their normal and in their 
excited states and their behavior in eol 
isions and in interaction with radiation 


Mathe 
matical difficulties in the application of 


ire now very well understood 


quantum theory make exact prediction 


of their properties from theory alone 


hardly possible; but approximate meth 
their 


knowledge 


uls, fitting into deductions from 


ybserved spectra, make our 
nearly complete and leave no doubt that 
the theoretical laws are capable of ex 
plaining the observations 

For the 


satisfactory. Exact 


molecules position Is not so 


theo 
retical predictions can only be made in 


quantitative 
the simplest cases; while theory predicts, 
that a 
made up of three hydrogen atoms would 


for instance, neutral molecule 


be unstable and could have only a transi 
t existence, but that the correspond 
ing molecular ion with a single positive 
harge would be stable. requiring more 
David M. Dennison, Univ 
Professor Henry 
Professor 8. 


Professor ersity of 


Michigan ; 


ty versity : 


Evring, Princeton 
Herzberg, University 
f Saskatchewan, and Professor Robert Mulliken, 


Pro 


University, 


University of Chicago, presented papers ; 
fessor E. Bright Wilson, Harvard 
vas at the moment unable to 

er was read by Dr. 


last come; his 


Donna Price. 


PROGRESS OF 


SCLENCE 1] 


han 184 k i ‘ 
to break it s st resu 
small b >] W) x 
results obtan tl S piles iSe~N 
e.g., the hydrogen molecule, H 
no doubt that the theoret i iWws 
adequate; omp ited “uses 
semi-quantitative, se empirical results 
based partly on rough theoret 
proximations art ! bserval 
possible 

Much work of this kind has bee 
by various authors espe 
tomic molecules for many of wl rh The 


spectra have been for a lone tn 


quately analyzed This work has 





ste te 06 ee oe 


cently been extended to cove) 


erties OF manv molecules. in 


i oa 


excited as well as 


provements in the dispersior - 
. — 
spectra have recently led to the analysis j 
of the electron Tt nS We 1] iS the rotat - 
°. 

vibration spectra of some triator ! 


cules, such as n 
carbon dioxide. ( ¢) Ht | T S pnropatl 
that 


information which 


in the next few ears we shall have 
WW Celli 
dict and explain in detail the kinetics 
the interaction of many such mol s 
The 


rotation-vibration spectra has bee 


most mteresting recen 


molecules showing peculiar effects; s 
NH 
regard the nitrogen atom as staving neat 
the 


the base composed of the 


as ammonia, ror whiel we 1 


point of a pyramid o1 
atoms as long as the vibrations are 
small amplitude, but as oscillating 
one side TO the other Tor Vi 


larger amplitude; and as some sit 


organic molecules, parts of whicl 
rotate more or less freelv relative to the 
rest; Tor eXample, the ki f ! rn! 
motion shown bv the molecules ' 
hol. CH.COOH. is now under discussio 


Better knowledge of the internal mot ns 


IS hecessary 1n order to predict the the 
modyvnamic behavior of 


more complicated organic molecules 
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\ SMALL PART OF A MODEI 


Hf OAL O 1o ULAR STRUCT RE THEORY, STILI 
Ss OF ow MOLE(¢ ES SUCH AS THA OF BB 
[ NKNOWN 


This behavior, which often can not easily 
be observed, may sometimes be important 
for industrial applications 

Satisfactory methods for computing 
the thermodynamic properties from pure 
from 


predictions and spec 


theoretical 
troscopic data for simple molecules have 
been in use for some time; the extension 
of these to the more complicated and to 
the larger molecules is now in progress 
and it is a reasonable hope that before 
long we shall be able to predict very well 
too comphi- 


between not 


the 


ans reactions 
cated 


Larger molecules, however, 


molecules in gaseous phase 
usually break 
up when they are vaporized; the impor- 
tant reactions are most often those occur 
ring in the liquid phase. Until the last 
few vears almost no progress had been 


ot 
from rather dilute solutions in which the 


made in the theory liquids (apart 


solutes behaved nearly like CASES (Food 
progress in this direction is now being 
TELEPHONE 


Ir is 65 vears since the first sentence 
of speech was transmitted by telephone, 
and Alexander Bell 
vranted the first patent for his unusual 
instrument later, the first 
conversation was held over long distance 
lines New York Boston, 
and in 1926 a public test was made of 
telephony 


All 


communica 


Graham was 


Six vears 


between and 


transoceanic radio 
New York 


achievements 1 


two-wa\ 
and London 


the 


between 


these n 


OF A RUBBER MOLECULI 


FAR OFF, IS TO EX! AIN v DI 
ER AND TO PRED rH tOPT 
MOLE(¢ LES 


in particular the 


pict 


liquid as, thermodynamiecally, a 


made > 


of about Sb per cent solid and 


vas, seems to give remarkahb 
be 


Porm 


cent 
this work can even 
the 


results ; 
molecules of 
he 
worming their way 

the 14 per cent 


Progress in the 


to large 





chains which can regarded ali 
past each 

of nearly 
next Tew 
be 
scopic equipment and technique 
the 


spectra 


rapid Improvements In 


mittineg resolution and ana 
the 
cated 


mathematical 


more and more 


; 
Ol 


molecules; and improve 
appl 


ory enable explanations to be gin 


methods of 
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phrase Or one ma\ 
ind-up from many 
York, Washington, C 
sco, all within fifteen minutes 
ft back and forth between these 
s sO rapid if Is unnoticeable 
naturally many listeners” think 
the voices tl e\ hear are coming 
through the air to their radios 
it is not what happens. Actually 
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er telephone wires to radio sta 
different cities. Then thev are 
| again to transmitters where they 
it on the air. So the distance they 
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train the voices of their personnel, and voing on, there have been times 


singers find it helpful in learning their workers have made development 


mistakes while practising the scales. can also be used in other bra 


The other was the hearing test equip- science, and seem at first to ha 
ment which over 1.500.000 visitors used connection with the telephone 

in 1939. A survey was made of these For a number of vears, scientis 
tests, and there were interesting results known that spots on the sun ha 
as to the difference in hearing acuity fered with clear radio recept 


between men and women, people of va- have caused disturbances in ot! 


ried ages and those living in different trical industries. Thev wante: 


localities. It is believed in the future more of the corona—the atn 


such tests will be routine in physical ex- around the sun. The only ti 


aminations so that early symptoms of could be seen was during a tota 
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at the Franklin Institute in tried out last vear at the Cook O 


bition 
tory of the University of Penns 


Philadelphia. 
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dicated on a frequency meter. This in 
strument is also very useful as a position 
ndicator when a pilot is approaching 
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In the medical field, there have been 
two noteworthy developments. The ar- 
tificial larynx has restored the power of 
speech to many people who were either 
mutes or who have lost the use of their 
voeal cords. The apparatus eonsists of 
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FEDERAL OFFICE OF SCIENTIFIC RESEARCH AND DEVELOPMEN 


COORDINATION of all scientific activi 
ties concerned with national defense is 
the objective of the new Office of Scien 
tific Research and Development which 
has been created within the Office of 
Emergency Management by executive 
order of President Roosevelt. Under the 
directorship of Dr. Vannevar’ Bush, 
president of the Carnegie Institution of 
Washington and until now chairman of 
the National Defense Research Com 
mittee, the new organization will serve 
as liaison agency for a number of scien 
tifie groups which have hitherto worked 
independently of each other, reporting 
directly to the President 

Funds for the promotion of scientific 
research programs for the production of 
new weapons and defense materials and 
methods, and for medical research pro- 
grams having defense value, are pro 
vided by Congressional appropriation 
The new Office of Scientific Research and 
Development is authorized to ‘‘initiate 
and support’’ such programs. This is a 
long step forward, for similar bodies set 
up during previous national emergencies 
have had only advisory capacity, and 
could not undertake research programs 
or other activities on their own initiative 
Dr. Bush indicated his intention to ‘‘lean 
heavily’’ upon these older advisory 
bodies, particularly the National Aead- 
emy of Sciences and the National Re- 
search Couneil. 

In carrving on the activities author 
ized by the new executive order, one of 
the principal disbursing and action agen- 
cies will be the already existing National 
Defense Research Committee, of which 
President James B. Conant has been ap- 
pointed chairman, succeeding Dr. Bush. 
It is understood that Dr. Conant’s 
duties will be such that he can carry 
them out without neglecting his work as 


a university president. 


Other agencies already fm 
that will report to the President 
Dr. Bush include the National A: 
Committee for Aeronautics, the N 
Inventors Council and the Healt 
Medical Committee established b 
of the Couneil of National Defens 
tinctly defense activities of estal 
bureaus in government depart 
such as the Bureau of Mines ai 
tional Bureau of Standards, w 
come within the purview of tl 
Office of Scientific Research a 
velopment 

Somewhat similar action was t 
Britain some time ago, when a sil 
ordinating body was appointed 
laison agency between the gove 
and about half-a-hundred — res 
groups in various British defens 
ganizations, both military and ciy 

Close cooperation Is provi ed 
tween British and American res 
bodies. Britain already has an ; 
this country, and when Dr. Conant 
in England recently he set up as 
office there, which is now taken ov 
the new Office of Scientific Resear 
Development British scientists 
requested their American colleagu 
take over certain basic scientific res 
especially in the field of medi 
order that they may devote the) 
tion more intensively to imme 
pressing practical problems 

The new Office of Scientific Res 
and Development will also mesh 
with the Office of Production Ma 
ment under William S. Knudsen ai 
Office of Civilian Defense under F 
LaGuardia. The function of Dr. B 
organization for them, as for the A 


and Navy, will be to find useful scient 
methods, devices and materials, w! 


these agencies of application can 
over, produce and put into use.—/. 
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